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The firſt, ſhewing the Menſuration of right 
lined Friangles : The ſecond, of Spherical, with 


the Grounds and DemonRrations thereof. 

Both performed by that late and excellent Invention of 
Logaruhms, after a more ealic and compendious 
manner, then hath been formerly taught. 

Whereunto is annexed(chiefly tor the uſe of Seames JA Treatiſe of the 
application thereot , in the three principal kinds ot Sailing. 
With exact Tables of the Sv41s Declinatian, new!y calculated * and 
Tables of the right Aſcention and Declination ot: (ome emiment 
Fixed Stars,with the trve times of the com! 710 the Meridia 
at Four of the Clock in the Morning, fited for the 
preſent ſeaſon, arid may ſerve for many 
years without any alteration. 

Alſo other receſſiy Tables uſedin NAVIGATION: 
By Richard Norwgo, Reader of the Mathematicks. 

This Sixth Edition being diligently Corre&ted, in divers difhcult 
places explained , New Tables ot the Stars right Aſcentions and 
Declinations added, and the whole Work very much 

enlarged, by the Author himlclt. 
LONDON, Printed by #. Godtiid , tor Ben', Harlock at his thop 
over againſt St, Magnus Church-corner, 011 Londou-Britye 1672. 
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To the Right Flog —— rancis, Earl 
of Bedford, Lord Ruffel, Baron 
Ruſel of T hournhaughe, Lord Lieu- 


tenant of the County of Devon, 


and City of EXETER. 


R:ght Hy.mr e, 
S jt hath pleaſed the foveraign Foun- 
tain of Light to ſhine upon the 
World in theſe later Times, by a 
more clear maniteſtation of thoſe 
heavenly Myſteries, that concern 
Eternal life and bl«{ednefs ; fo he hath allo cn- 
lighened the mind- of Mcn with knowledge in 
humane Arts and Sciences, and dilcovered many 
profitable Inventions unknown to farmer Ages. 
To {pcak of all, were a Subject deſerving ot it 
{clt a peculiar Treatiſe. To ipeak of thoſe 
that have reference to the Matizomaticxs, 
would require a Jarger Dilconle chan becomes 
this place, Amongſt the relr, and of the Hhighelt 
rank, is that admirable Inv-onfion of Loca: 
A. 2 rithms, 


- 


The Epifile Dedicatory. 


rithms, by the famous John Nepair, late Baron 
of Marchiſfton : which hath been further per- 
fected by the labours of Mr. Henry Briggs, And 
alchough the maturity of this Invention was 
prevented in them both, by their. ſeveral and 
moſt happy changes, from this life to a better 3 
yet they procceded lo far, as to lay a very good 
toundation for ſundry concluſions Mathemati- 
ca!', Upon which foundation chiefly, I have 
grounded this preſent Treatile of the Dofrine 
f Plain and Spherical Triangles ; annexing an 
#pplication thereot, in the three p-incipal kinds 
ot Sailing. And howloever (being rudely com- 
poted) it may ſcem unwortby the protection of 
one lo eminent in place, and of ({uch riperels 
and judgment in all kind of Learning : Yet I 
am bo{!d to preſent it to your Lordfhip, in con- 
dence of your favourable acceprance, accord- 
ing to that noble reſpect you are accuſtomed to 
manifeſt rowards all good endeavours. The 
moſt High God, ard Lord of all things, increale 
ard continue unto your Lordthip, all his blet- 
tings, Temporal and Frernal. 


Tour iloncurs Hoſt dewored, 


Pichard Norwood, 
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TOTHE READER, 


Ow neceſſary, ard of whut excelie;t uſe the Doctrine 
of Triangles #, in Aſtronomy, Geography, Navi- 
gation, Fortification ; ard other parts of Archite- 
ure, in all the kinds of PerſpeRtive, in Dialling, 

| ed is the prattice 8; f other parts of the Mathema- 

2 A ticks - is [o wwch the better known wnto every Man, 
by bo ee” he hath been more exerciſed in theſe «Arts. For which 
cauſe there hath been for many former Ages, much time and, diligence 
be (towed by maſt induſtrious and learned Men, to reduce it to as great 
perfeition a4 thry could ; and much hath been done to this purp:ſe of 

{att years, But all that hath been done th -ſe many bundred years, 
0: comparable to that which hath been effected in our Times , by the 
Honowrable Lrd John Nepair Ba-s: f Marchiſton ; who, &y an In- 
vention of Logarithans, takes a24y thoſe d:fficulries that were in the 

pratlice thereof. Which Invention huh been illuſtrated, and much 

per fetted, by the l1banrs of Mr. Henry Briggs. Neither x yr. Edward 

Wright to be forgotten, though his Endeavaurs were ſooneſt prevented : 
eAnd theſe were the for [? ” communicated : berr labs: 75 6% this 

Snbjett to the World . ; being Mer, as of /ingular Piety and mg" 

of Life, ſo of that. excelient Rngw: re 2s the Mathematicks, as {ep 

Ages afferd the like. Of the conſtruttion and divers application of [.0- 

garithms, Mr. Briggs h.tth wr/::t1en a ook cailed Arithmetica Loga- 

rtthmica. eAnd ſince again, rgan anuther excellent work -f like na- 
ture, entituled, Trigonornet ria Britannica. / hav? only [en (in the 
hands of a Friend of hs ) a pri-ted Copy of {5 much a4 he hid de, 
namely, the T ables, and ſom? part of the T-entiſe, touching the co. 
ſtruttion of thiſe Tables : but wn''ſt be was in hand with the reſt, 
be departe4 this life, Ht herefore h.ivng my {elf ſme years paſt (tu 
c pecially this loſt winter ) be[towed m 1e than or di, aAY JF pAINTIN COn- 


forming the Doctrine of Triang| ies, 19the 1: 464} Logarthms naw 
in uſe , and yet jo, 4s the &nlzs —__ lihow, ſo ve appined ty natural 
wnes, Tangent, and Sccants. wwdl alſotor\i-nme»t i Ujerat 1075: an 
cortlering the prejent wa-s of gnetiigns, rnd et ad ny Tubles wn 

this 


' 


TO THE READER. 


th %sd, I have thorohe good to publiſh theſe, If any man think i: 
oaliler hinkra cetochorn, who have been at the charge to prin: 
20-4 > « Ar Lrigns 11h brcom to write upon this ſub:ett, be may 


6's t) 
lone oi tribe writ, I hat though we both handle the ſame thing , 
, in (1h 4 ierer: mauner , that there  [circe ary one Pro- 


p inaled iy ws bath, beiides, hr, i; L ntin, mine in Engliſh , 
rough bis were fit ed, according t6 his intent and method, 
the are world Virtl2 oy 40th cm prenulice the other, ! rather hepe, As 
the caſe nw jtinis, the this will turthr the f ale of bis; foralmuch 
as th: Rus beret iellvered, miy vin y aptly b: app yed to hrs T ables, 
aud aim Tl [2 48) tn:r, Av: 1 thes A'e (41 h ( eſpecraily for Wy 3#f ical 
[riangles) as 1 4:5; ot will be '9444 mare e:/1- for memory , ond 
me veady ſry pract cs, than re th ut beve ls nr formerly wed, If 
;: (9135 thing ; you 7:4 mas 200 brief , or otherwiſe fanlty, 1 b p? pou 
wid pardos 3t : ſ2 m:« h th: verhe . L-cavſe all thr; Summer, while /t 
this tork was printing, [ws abſert upon neceilary acc rſigns,above an 
Ha<:iietlmiei. en to make (117 pv of amends, | (hall (God wil- 
ling) beready to give Farcher f 1:+f attign herein, by ward of month, 
or at heru fe, t3 ns, £ {i 't d: 7 f it » 1 5 tenching oti ers ther are bent 
to Detr.iction, and will be glad to ſnatch at every uccaſion for that 
perpoſe , I could wiih them 1 ab:tier mind, and to remember, That it 
i much exfer to id Can'lts in auother Mans Work , thin without the 
light: t'creof to mak the like, I have detratt:d ra Man, but have 


» Works / ave le * that which 15 due 
! 


f 


jrecly attrihurel tart hom whoſe! 
wito th:m ; de/wing {a to te dealt withal, as [ deal by others, It may 
op'y bs exy.ttel, th:t I hull have ſhewrd the application of the 
Doctrine of Triangics, '2 the MM nthemaric At! Aris iefore mention- 
ed, &c., Bu: ther nec. {ary occ -,72ns withiraxng wr, | had rather 
leite tha notuucle!, to: ly mibing an tnertett e2pp'1cation 11 
eviry ef then, boip tnether mig fects, with /irtie or mo profi; te the 

EE £14 Te: {hat vor p: 'pail:! 19 annex hereunto certarn Pro. 
| 7. Which, with the 
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CHAT 4 
Of the Lines uſed in meaſming Plain and Spherical Triangles. 


E will not infiſt vpon the definitions and ti 
principles of Geometry, being largely hard 
led by many,& whercwith everyMan mear- 
ly converſant in theMathematicks 1s acquaini» 
ted , but come to thoſe things which more 
immediately concern the Duct» ;».: of Int: 
gles : Which conlidereth in cvery lr'-r vie tix 
things, namely, the three [1aes, ai! *c three 
angles; and teacheth the aralc, d pre- 

portionality of theſe (ix, in ſuch ſort, that any three of o& | being 

Known , the other three may by the rule ot proportic. .-c difi 9- 

vered : But ſeeing the lides of a Spherical Triangle are 4 "cs of a 

Circle, and the angles both of plain and Spherical Trianglc+ are mea- 


Fured by arches ot a Circle, therefore the proportions ot all thele parts 
oe 


. trigonometric, 

one to anather cannot b: declared , unleſs theſe arches be after a ſort 
reduced to right lines ; becauſe the proportions ot arches one to an- 
oth2r, and of an arch to a right line, is not to this day found out, 

Thele arches 0: a Circle are atter a fort reduced to right lines, by 
&.Fning the quantity which the right lines to them applyed have, in 
reſpect ot Radius, or the Semidiameter of the Circle. And itisto be 
un..cr{tood, that cvery arch of a Circle is meaſured by degrees , mi- 
rates, ſeconds, thirds, ec. a degree being ſuch a part ot a Circle as 
the whole circumterence, whether great or little, contains 35o.A de- 
gree is meaſured by minutes, and every degree is ſuppoſed to contain 
60 minutes, In like ſort, every minute contains 60 (ſeconds, and eve- 
ry {:cond 60 thirds, cc, 

And although the meaſure of every arch cannot be —_— expreſ- 
ſed by theſe parts, yet may it be lv nearly expreflee, that all ſenlible 
Error in ordinary uſe and application thall be avoided, which is 
eſtcemed ſufhcient. 


1. The right lines applied to a Circle are Chords, Sines, 
[angents, and Secants. 

2. A Chird u a right line 
drawn in a ( wele, from one part 
of the circumference to another. 

> AÞ Thus CF is the Chord of the 

"0 | arches CEF.and CKE; alſo BH 

| \ thediameter, is theChord of the 
| \ - ſemicircles BE H, and BKH. 
= 3. Theright Sine of an arch, 
j 1#t half the Chord of twice that 
arch. as CG being hait the 
Chord, CF the right Sine ot 
thearch CF, alſo of the arch 
CBk: whicharch CE 1s the 

halt of CEt. 

Whence hiſt it is manifeſt, that the right Sine of an arch leſs than a 
Quadrant,is alſo the right Sine of an arch as much greater than a Qua- 
drant : fer as the arch CE is leſs then a Quadrant by the arch BC, 
ſo the arch C K doth as much exceed a Quadrant, C G being the right 
Sine to them both, 

So 
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$9 that properly the ſine complement ot an arch is the line of the 
complement of a leſſer arch unto a quadrant, As the compiement © 
the leiler arch CE, unto a quadrant, is the arch C B, the line wher. © 

is CL, wheretore C L is properly ſaid to be the line of the comple + 
ment ot the arch CE. 

Secondly, that the right line of any arch, 1s a line fal.ing trom one 
end ot that arch perpendicularly upon the diamereacerawn to the v- 
ther end of that arch. As C G, is perpendicular to K E. 

Thirdly, that the right line of the complement ot an arch, is equal 
to that part of the diameter, which lieth between the right tine of 
that arch and the center. As CL, the line of the complement ot C FE, 
1> equal to A G. 

4+ The verſed ſine of an arch u« that part of the Diameter which 
lieth between the r1g ht ſine of that arch, ard the cv camference, Thus 
GE is the verſed line of the arch CE: and GK the verſed line of 
the archCBK. 

5. If anto one endof an arch there be drawn a di 1mter , ard tothe 
9ther eud a right line froms the center entting the circ/e ; and 1* Frem 
the end of the diameter be raiſed a perpendicular tilt it concur with the 
line cutting the circle, that perpendicular 1s the tangent of that arch. 
AsD E is the tangent of the arch C E. 

G6. T be foreſatd right line cutting the circle, us the ſecart of tha: 
arch, Thus AD is the ſecant of the arch CE. 

7. Now to define or expreſs in numbers, the quantity that theſe rvighe 
lines havs in reſpett of the ſemidiamter of the circle, us the cont ntlt- 
ons of the tables of natwral ſines, tangents and ſec ant. 

Thus ſuppoling the ſernidiametcr of the circle AE to be 1092000 
parts, and the arch C E to be 30 degrees, the right line 0! that arch 
C G will be 50-000 parts, the tangent ED 57-7350 parts, 2rd the 
ſecant AD 1154701 ſuch parts. The quantities ov veried lines , 
and of the chords of arches, arc not uſually expreiled in the Tables, 
becauſe they are ealily found by the right tines : As the vericd line ot 
thearchCE, namely, G E, is found by ſubſtri&ting the {ite com- 
plement of CE, namely A G, from the fcindiameter AF : alio ine 
verſed line ofthearch K B C, 1s found by a3dding the ſame AC, rt» 
the ſemidiameter A K. Alſo the chord of the arch CE F,namely CHF, 


1 found by doubling the line of halt that arch , namely , by dou'nsg 
' I 


& | 


4. Trigonometry, . 


CC. So that in the tables, there are onely expreſſed the right Sincs, 
Tangents, and Secants of every arch of a circle not exceeding a qua- 
drant, Which how to find is largely ſhewed by Lansbergua, Veri- 
[cas, Mr. Henry Briggs, (which 1 have not yet read) and by others, 
therctore we paſs over that, Aud intending to thew the reſolution ot 
plain and ſpherical triangles, after a more ealze and corape ndious Way, 
by Logarithms lately invented by the Honourable Lord john Nepazr, 
Baron of Afarchiſton, and lince turther pertected by the late learned 
Mathematician Mr. Henry Brigge, both of ever worthy memory : 
We come in the next place to {peak ſomething ot the nature and atte- 
&ins of thoſe numbers, wherein 1 ſhall (as occalion requireth) fol- 
lo.y Mr. Brigos in his frichmenca Legarithmicd, 


CHAF. 1t. 


Of the nature and affections of I ogaritl ms, 


T: Ogarithms are numbers, ſo fitted to proportional numbers, that 
- themſelves retain equal aifferences , 
As let there be a rank of Numbers how many ſoever in continual 
proportion, namely, 1. 2. 4. 


Numb. Log. | Log. | Log. $.16, 32. 64,128. 256. and 
mrs = [7 let there be as many other num- 
| 1 © 3 ©| bers1n any propreſſion arithme- 
| 2 I F| 31 cal, 28 }. Fo 7.0.21: 3h. b5e 
4 wil Fl G| 17. 19. then foraſmuch as theſe 

m_— 3 g 9 | latter are equi-different( for eve- 
16 4 i Iz | ry one difters from his next by 
BE: x7 | Un 15 | 3 therefore they are logarithms 
WET S817] ns 18 | totheformer, eachto his corre- 

| 128 7 | 17 231 ſpondent : As J being che loga- 
va; 8] 19 24) rithmof 1, and 5 of 2; 7 is 


ab ' the logarithm of 4, andg of $ : 
ard the like 1s to be underſtood of > reſt. y ; 


So likewiſe 0.1.2.3.4+5.6.7.8. are Logarithms to the ſame num- 
ders, and ſo are 0.3. 6.9,12.15.18, 21, 24, And ſo infinite 


other; 
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others might be found, u_ that where numbers are 16 |:k* pro- 
portion, the *1tterences of their ogarithiu muſt be equa. 

And as any of theſe three rows may bc logarithms to the frlt, {4 
thy may be logarithms to any other numbers in continual proportivs,. 

2. If ofeur number: the firſt exceed the ſecond 2s much as 164 this d 
exceeds the forth : teen the [ſumme of the firſt and fourty 15 equal ro {he 
ſumme of the [econd and third, ad the contrary. = 

As $, , 6, 3, here & exceeds 5, as much as 6 cxcceds 3, therefore 
the ſum 0: the tirſt and tourth, namely, of 8 and +, 1s equa! to the 
ſam of the ſecond and third, namely, ot 5 and 6. And io g,1$,15,2 4, 
where the [um of the extreams is 33, and ſo of the two middle ones, 
Bacher in Drophantum, 

3. If four numbers be proportional, the Logarithm of the firſt /nb- 
ſraited from the ſum of the Logarithm; of the ſecond and third, leaves 
the Lngarithms of the fourth. 

As if the proportion be: As256 to 32: ſo64 toa fourth num- 
ber : here adding 5 and 6 the logarithms of the ſecond and third , 


the ſum is ri , from which ſub- | 
ſtraing 8,the log. of the firſt the 99 tf 5 
remainder 1s 3, the logarithm of ay hg S—_ 
the fourth proportional 8. " ho 5 
 Forſeeiny . by ſuppoſition )the © 6 
hr{t number 1s in proportion to 64 pony: 
the ſecond, as the third is to the > | ; 


tourth, therefore ( by the firſt 
definition of this ſecond Chapter) the logarithms gf the firſt and 
ſecond differ as mach as the logarithms of the third and fourth, 
therefore (by the ſecond propoſition) the ſum of the logarithms 0: 
the firſt and fourth, 15 equal to the ſum of the logarithms of the 
ſecond and third , therefore if frora the ſua of the logarithms ot 
the ſecond and third, be taken the logarithm of the firlt, there re- 
mains the logarithm of the fourth, 

Corollary. Hence it ts evident , that if four numbers be proports- 
onal , the Sum of the Logarithws of the firſt and fourth 1s equal to 
the ſum of the Logarithms of the (econd and third, Ard of the ſum 
of the Logarithms of the firſt and fourth, be equal tothe ſum of the 
Logarithms of the ſecond and third, then ss the firſt properi17: rothe 
ſecond, as the third 15 to the fourth, . 
B 2 4 
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Ler the Proportion be 

As 256, 8 Here the ſumme of the Logarithms of th 
5 firſt and fourth,namely, $-]-3 that is 1 1is c- 

5 qualto the ſum of the Logarithms of the (c- 

bo 6 3 cond and third,namely, ot 5-1-6 that is 1 1. 

4. If inſtead of ſubſiratting the foreſaid Logarithms of the firſt , 
we add us complement arithmetical to any number - the total ata- 
'119 number, 15 45 much as theremainer would have been, 

The complement arithmetical of one number to another ( as here 
wetakeit) 13that,, which makes that firſt number equal to the 0- 

ther , thus the Complement arithmetical of $to 19 is 2 , becauſe 8 
and 2 are 10, And ſo the Complement aruhmetical of 9, 76144 to 
20,CCOCOIS10,23856,becauſe 10,238 56, ard g,76144 added to- 
vetner, are 20,” ©000. 

Now then whereas(in the example of the third propofition before 
gving) ſubliracting $ trom 11, there remained 3; it in ſtead of ſub- 
itrafting $, we add his Complement arithmcrical ro 10, Which is 3, 
the total is 13 , trom which abating 10, there remains 3 as before, 
2nd the like 1s to be underſtood ot any other, 

The reaſon is maniteſt, tor whereas we thould have abated $ out of 
11, wect\ not only not abate it, but added moreover his complement 
i515, Which is 2, wheretore the total is more than it ſhould be by 
Sand 2,thatis by 10, wherefore adoting 10 from it, we have the 
i ogarithm delired, 

W hich rule, although it be general , yet we ſhall ſeldom have oc- 
-alton to uſe any other complements,than ſuch as are complements ot 
the Logarithms given, either to10, coco020, or to 20, 0905000, 
as ſhall hereatter appear in due place. 

And thus much of Logarithms in general, whereof (as is before 
aored) there might be fitted divers kinds , but we intend to uſe only 
that Kind which were framed by Mr. Henry Briggs, at the requeſt 
ot the Baron of Marchiffon; where a cypher is made the Logarithm 
of Unite or 1, and an Unite with many Cyphers, the Logarithm 
of 10, and the reſt fitted accordingly , theſe being the beſt kind, aud 
the ground of all the beſt Tables of Logarithms hitherto put forth by 
ay. 

&nd of this Kind are the Tablesto this Book annexcd, which want- 

ing, 
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ing leifore to calculate my ſelf, I conferred together ſuch as were 
forn:erly extant, and out of them have drawn thefe. It is true, that 
the firit of theſe ditfters in form from all others, but | have ordered 
it thus, efteeming it moſt convenient and ready for ordinary ule. The 
latter Iheweth the Logarithms of abſolute numbers from 1 to 1-+-. , 
and may be uſed for numbers tar greater , the {-# theweth tic 
Logarithms of the vines and Tangents of every degree and minute 
of the Quadrant, and alſo the complements Arithmetical of the 
logarithm ot every Sine , which may ſerve as a Table of Secants. 
Which Logarithms ot abſolute numbers, Sines and Tangents, we 
may call Logarithmetical numbers, Sines and Tangents, or (with 
their firſt Inventour) Artificial Sines and Tangents, as being uſed 
for, and inſtead ot the natural. And thus it you enter the /atrey of 
theſe Tables with any abſolute aumber, you tind againſt it his Lo- 
parithm, 1t you enter the firff with any number ot degrees and mi- 
nutes, you find againſt it his artificial Sine and Tangent,each under his 
proper title, As entring the Table with an ach ot 30 degrees, 05 11- 
nutes, I find the artibcial line thereto anfwering to be 9,5989700, 
and the tangent 9.7614394, Which are the Logarithms ot the na- 
tural fine 5 00000, and of the natural tangent, 577350, And con- 
trariwiſe a Logarithm being given, you may find the arch thereto 
anſwering. ; 

Ot arwuficial ſecants we make little uſe, but if you delire the arti- 
ficial ſecant of an arch, ſubſtra& the artificial line ot the complement 
ot that arch irom twice radins, or 2c,co0000g, the remainer 15 
the ſecant required, As it I defire the fecant of 22 deg, 2 > : I tind 
the tine ot his complement to be 9,965 24$0, which ſubſ{trafed trom 
2 0,00c 0000, there remains 10,0 3475 204the ſecant of 22 dep. 37 : 
the reaſon whereof is evident by the Corollary of the firſt Theorem 
of Variety kereafter following, Chap. 4. in ftead of thele fecari- 

vc have ſet inthe two laft columns Ta ſecond Table the compl: 

ments arithmetical of the fines, toevery of which it you add 1.14.5 
or 10,0550-00, they become lecants, theſe being more neceilary 
than the jecants, and by which the fecant of every arch is molt read. 
ly tound ; for it the line of an arch be in the hiſt column, his ſe - 
cant 1s1n the laſt, (adding as atorelaid radius) if the fine be inthe 
tecond, the lecant 18 in the Jaſt but one, As if 1 wou'd have the ſeca::: 


v 
©, 
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or 22 deg. 3 the fine thereof is in the frft column, theretore 1 look 
for the lecants inthe laſt, where | find 0.47520, to which adciry 
1G, CGOCOUC Er, is 10,93475 20, the (ecant of 22 dep. 37. 

5. Of the(l haratter of logarithms, 

TheCharzQer or Characteriſtical note ot every Logarithm in theſe 
cables, is the tir{t hgure or figures towards the Jett hand, diſtinguill;- 
ed from the reſt by a Comma : and ut thewerh of how many places 
above the place ot viiites, the abtolute rumber to that lagarithm .be- 
longing doth conliſt. And thus the CharaRer of the logsrichms of 
every number lels than 10 is ©, but the character of the logarithm 
vt1C1s 1, and {oof all other numberszo 100 : but the charatter or 
the logarithm of 1c0 is 2, and (o ot the teſt to 1000, ang the cha-. 
racter ot the logarithm of x 000 is 3,and ſo of the reſt ro 1 000c%and * 
fo forward, Whereiore, by the charaRer of a logarithm you may 
know ot how many places the abſolute number anſwering to that 10+ 
garithm doth conuſt, 

6. To find readily the complement arithmetical of a lugerithm, 

The complement arithmetical of a logarithm ( as it is moſt uſually 
taken ) is the reſidue ot that logarithm unto 10, 00co00c0. As the 
complement arithmetical of 7, 1079054 is that which makes it 
up 10, cooocce : it therefore 7, 1079054 be ſubſtraſted from 
1, 90020023 the remainer is his complement arithmertica), 

But to ſubſtract it readily, 1 begia(contrary to the ordinary courſe ) 
with the firſt figure toward the lett hand, and write the complement 
or relidue thereof unto 9, and fo 1 do with the reſt, till I come to the 
laſt bgure towards the right hand , and thereof I ſet down the relt- 
due unto 16, , Thus for the complement arithmetical of 7, 107905 4 
| write, for 7 is relidue unto 9, which is 2 ; for 1,8, for o, 9; for 7, 2; 
tor g,o ; for ©,9 ; for 5,4 ; and for 4,6 : and ſoI have this number 
2, 8920946, whichis the complement arithmetical of 7, 107g05 4 
unt0 10, 0000000, 

So it 1 delire the complement arithmetical of 9, 955 2450, unto 
20, 0000000 : Iwrite for 9,0; for g again ©; for 6, 3; for 5,4; for 
2,7; tor4,5; for 8,2 ; and the cypher: and ſo I have 0,03475 2c; 
ard betore all putting aa unite it is 10, 0347520, the complement 
arithmetical required. | 

The complements aritkmetical of the artificial fines are expreſſed 

in 


%s 4x 
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in the tables; and the complements arithractica! of the tangent; are 
the tangents 0: their compiemen:s : as ve lliall ;ncther flew here- 
ater. 

-. To fridthe Logarithm of a namber that bith a fr iftion an- 

nexed, 4s alſo of a proper fr ailio- 

Reduce your nomber that hath a tration annexed into an mipro- 
yer fraction, and ſubſtract the logarithm of the d-rominator 114m 
the iogarithm of the numerator , the remairsr :« the logarithm ©! 
the whole number and traction propoſed. As 1: } lire the lugarichen 
ot 1:}., I reduce it into an impro- 


pcr tration making it P and find- Aumerator. ..c. 1, 602: 6 
'17 the logarithm ot 4o to be Denominator. .', 4-121 
1, 002C6. c,and the logarithm of 32 4.140537 


; to bec,4771212:,1 lubſtract the 
!arter trom the former,the remainer is 1,12493 $8,whick is te looks 
rihm of 13} required, 

The reaſon is, tor that every tration (whether proper or 1mpro- 
per) lignihes ſome part or parts of an unite , the drnominator few - 
.ng into how many parts the unite 1s divided, and the numeratur ſhew- 
ing how many ot thoſe parts are by that tration lignified : Where- 
tore , as the denominatur 15 1n proportion to the numerator, fo t3 
x tothe value of that traction, therctore ( by the cy. of 3 prop: 
chap. 2.) the furnme of the logarithins of the denominator and «©: 
the traction, 1s equal to the ſumme of the logarithms of the nume- 
rator and of 1 , but the logarithm of 1 being ©, the logarithin ot the 
numerator alone, is <qual to the ſumme ot the logarithms of the 
denominator and of the fraftion. Theretore it from the logarithn 
of the numerator be (abſtracted the logarithm of the denominator, 
the remainer is the logaruhim of the fraftion. Thus in the foregoirs 
examp.es 

Logarithmy. 
As the Denominator z 044771212: 
to the Numerator 40 12,60:c6co 
90 1s : O©,Ccoococo 
toJ3 : orto 13z 1,1249388 

And for the ſame reaſon we may in like manner find the .o4'.- 
rithm of a proper fraftien. Where it is to be noted, that ſeeing the 
logarithm of the unite 1, is ©, and every proper fraction 15 lefs than 


27) 
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2n unite, therefore the Logarithm of every proper fraction is leſs 
than ». Asif we deſire the L »garichm of this proper traſtion*. , | 
h:d the logarithm ot its numerator 2 to be 


©, 421 030c,and of its denomnmator 3 to be 2, ©, 20103095 
*1 21 2,and fubitracting the later from ?.. Co dF BLR 
1. there remains---2,1 67291 2,for .. C, apbcany 


the lover: fan 0:3 thatis o, 1c750912, les 
than ©: Which though i it may km ſtrarge to ſome, yet being a thung 
veil underiioud by the $kiliul in Arithmetick , and of no great ulc 
here, | pals it over withour pam explanation. 
I o correit any namler fowndin cheſe T «ber, by the 
477k proportional, 

[ put theſe things here at the beginning as the fitteſt place for them. 
not that | eſt-ein ut neceſſary tor young beginners to have them ali 
perfectly betore they pais any tucther ; for for ordinary occaſion: 
he numbers 1n the Tables may (tor the moſt part ) ſarishie w:thont 
correetion by the part proportional ; eſpecially it in plam triangles 
you reduce the meaiures of the lides into their [malleft parts: as 1f 2 
hide be given in paces, You May reduc? it into teet or inches, (keeping 
within the-compals of rhe Table: ) it in pules, you may reduce it 1n- 
to yard or teci ; if in miles, you may reduce it into furlongs , poles 
or Paces Or, v;hich 13 mo{t catie and ready, you may reduce all mea- 
lures into decim: | parts, as into tenths and hundredth parrs , putting 
behind the zumber given a cypher or two, As if alide of a plain tn- 
473 gle be 5 > leagues, 1t we put a cypher behind, it will bz 570 tenths 
0! 4 |\eagne: nt two cyphers, it will be 57 oo centeſmes or hundredths 
0: 4:c49ue ; and (v tor any other meaſures. And the queſtion being 
v. rough, the 2nſwer will come fotth in the like parts, which are eal1- 
y " duces again rato integers with their parts. 

As ſuppole the lide of a plain triangle green be 57 leagues , and we 
&\1ire to find one of the other (ides to the hurdredth part of a league : 
i put bekind ut wo Fyphcrs, and {0 1t becomes 57090, and working as 
y vil {l:2t] hereatrer be directed, zdmit there come torth tor the 1:de re- 
Gulized 3.175, then lay, that the (ide requiredis 347 5 centeſmes or 
h11.crec:h part of a league , that is 347%; leagues, or 34 leagues and 
--« centelines ot a league, 

itthere be a fraction annexed to your number given, As i you 
Wen reduce 57 lcavucs ty centelmes, 1 put behind 57 twe cv"; 
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(that iz, I multiply it by 100) and ſo it becomes 57500 : alſo I pur 
behind the numerator of the Fraction, namely,behind 1,two Cyphers , 
and ſo it becomes 1 00,which divided by che denominator » the quy- 
ticnt i5 3 3 (omitting the Frattion) which added to 5 700, che fan t5 
$733: Andſomuch 1s 57; leagues in centelm*s of a league. It you 
wopld have it only in tenths, you put behind the whole number, and 
lixewiſe behind the numerator of the Fraction, only one Cypher, and 
in all things elſe do 35 betore : which being ealie and common, 1 tor- 

bear to be large therein. 

But when more exactneſs is required, you may attain to it by the 
part proportional, atter the torm ot thele Examples following. 

Example I, 

Tet there be required the abſolute number anſwering to this Loga- 
rahm 1,9369$26, Looking tor this Logarithm in the Chiltads, [ 
11 not the ſame, but the neareſt leſs than 1t 18, 1, 93.442 $.4, againſt 
vhich 1 bind 86,which you may correct by the part proportinal,thus: 
| change the Charadter given, making it robe 3, ard fo it be- 
comes 2, 9369526: tor this 1 look in the Chiliads, but not finding 
the Came, | ang the neareſt leſs than it to be 3, 9369659, and againſt 
it this abſolute number 8649 ; whence it appears, that the number 
anſwering to the Logarthm propoſed, is 36**;, and ſomething 
more. 

But if you defire more exa&nels, as to corre#t it two places tur- 
ther : ſubſtract 3, 93696559, the neareſt 
lefler Logarithm, trom 3,9370161, the 3.9359$826F differ. 15+ 
neareſt greater, noting the ditterence 3. 936,639 
which is here 502 : Allo ſubſtract the 5.937c15618 differ. 552 
lefler 3, 9369659, out of the Logaritim 
given 3, 935982 5, noting the dittcrence, which 13 here 16>. Then 
[ay by the Rule : of Proportion, 

As the greater difterence 502, it to thz leficr 176 : 

SO 1s lcoto 33 (and ſomewhat mo: e, which we omit) Which pur 
behind $649 towards the right hand , (hews the number required to- 
be 862322, and (o it is vertificd to 6 places. 

Exampe 2. 

Let there be repuired the abſolute number anſwering to this 1. 0g4- 
rithm 5. 9369826. 

Becauſe the CharaQter or Characteriſiic is here 5 , theretere the 

C a(c:. ute 
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abſolute number anſwering to this Logaruhm, mult contift of ti: pl. 

Ce : Wt. rea the abſolute numbers in thele © þ105.24; , Confiit but oy 

vr P! \4ces . therefore chatiging the © haracter to : , 1 took f.r 1 

9369820, and had the ncarelt in the Tabl: 1:4; than it 19 b. 

439 z0955 9+ Clttermnyg  frootn T (1657.48, 

7 9369825 T differ. 167 againtt it | tird the abtolure numb: 

18 2, 9309059 ogg, Which I note + and the nexceſt 

| 2. 90570161 by differ. 502 great er thian = Lov, Yr _ n piven is 

| | QHISO8S Uttering 17 L 89's xr lo 
foreformrd 50: ; thire! ore, lay, by the' Rule o! proportion, 

| 


As the ercater Citlerence 5 2 , 1510 the letler 167 ; 


-- 


bs which put behind $6.49 towards the rivht hand, 
(vo othe number antwering tothe Logarthmgiwven tote 5 16 

| ard lo Mav you tiad any mumnLcr not CACECOIY (1% | JaCts, WH Yer 
if | to any | ovarithm propoſed, 

| I; it cither of thiiv t Xampies you dclire I! fro t: £ | $4 7A th 
| tor tlic third Non ber inthe Rule of proportion ( which 1s here 1 
PULITAM « lo th1% CONOUIENT Whit CUUIT OUT I 0% I ure "2 alch [It 


(U\W.Ards the ry "1 hand 45 Letore, 


' - p ' F ' ' : Y . : ' 

| ett bereouncd to hind Ulgc Lov arti” aniiven 'T TO Us ablyluts 

\UmnbDir $6493 4. 
. . . . 5 ! . . . 

{ ind 19 the Cþ:144.4s the 60-fgewPe ol ihe fictt tour Figt.te» 

"644,10 be 2,936 )0 56, and bucauic ihe Number giver contifts © 


Flags, the C haracterifte muit ve 5,0 thereticrer, Y363549. 158 


| Lovanthin of 54 + ;<0, but to bnd the pat proportional to be ad 
| ded to thats I « S401 HLEELV 1 the * PO ann 8: | lubſtract the L 094 - | 
| ritiy ci Won ttt ovarithn *& vo, und tid the Erttercnce to 
be + tU1.retore, I lay, by the Rue of proportion, 
PA*1CO ISM propu;tlonto }} 
N \. eltirrence FO2,L0 166 {ere. 


| * ' E, l = j z 4 o l,, 944 s © - a " k - # | 
\\ litch 1. 66 A P5 9589, tne fums 6, VviboSac. 1 
k 


L ©4146 of the ablo Ute NUber 5 required : it the ablo 
| "apt ebontitibul of 5 places , then tor the tir{t Namber 
| $16 { IL OPOTION W134. I cre Is ] |, 444 \ 433d "rouci cy 
| s L i i 
| « &. U1C | 
. | FS y by #* , - | Gy ng en | © x #® \1 1 ' » y”.D 2 nog ©L 
4 \ $543 ON: EY 4 CIT [1 LCC 4 a neth 146. \ ff IAYY VCi1h- d vat to the 
. , « ts. = L >» a. . AS 2 =. lo Il..c 
12. mare of the ablſulyutre Number , yo: m'vthe we by theſe Tables 
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The general Rule and Reaſon tor all theie Examples, may briclly 
be this: 

fs the difference of any two next Logarithms in the Tables, i3 to 
any part of that difference , 

So is the ditterence of the two numbers to which they beiong, to 
the proportional part of that difference ; and the contrary. 

Bat becauſe this holds truer in the latter part of the Chiliads, where 
the numbers are great, than in the tormer ; therefore we have thewed 
in the Examples ( 43 occalion requires ) how to bring the numbers 
propoſed to the later part of the Chiliads. And thus much touching 
the part proporiiona!, 

g. If cxe number maltiply another, the ſum of their L ogarnhms 

#5 eqaal 19 the Logarithm of of their product, 

As lect the two numbers multiplied together 
be 36 and 15, the product is 540. I ſay then, 36. 1.5563525 
that the ſum of the Logarithms of 36 and ts, 15- 1-176cg1; 
is qual to the Logzrithm of 5.40, as here you 54c 247325938 
may ſec. TEIN 

The Reaſon is, for that{by the ground of the Multiplication. )As a 
Unite, is in proportion to the Multiplier: ſos the Multiplicand, to 
the Product : theretore (by the Coroi. of the 3. Prop. Chap. 2.) the 
ſum of the Logarithms of Unite and of the Produet, 1s equal to the 

ſum of the Logarithms of the Multiplier and Muitiplicand : but the 
Logarichm ot Unite is © , therctore the Logarithm ot the Produtt 
alone, is equal to the ſum ot the i.ogarithms ot the Multiplier a 
NMultipiicand. 

Ard by the like Reaſon , if three or more numbers be mnltiplied 
:0pether, the ſum of all their Logarithms is equal to the Logarithm 0: 
he Froduct ot them all. 

Corollary. 3herce it 1s manifeſt, . T hat the Logarithm of a unm- 
ber donbled, 15 the Logarithm of the ſquare of that number : and 
the Logariihm of a number trebled, is the Lagarithm of the 
C r1be of the ſame number. & ce 


{ ogarithims. 

I hus the Logarithm of 4 being doubled,is the 4. 0.,60206cc 

_ozarithm ot 16, which is theſquare ot 4; and 16. 1.:041207 

>ctug trebied, it 1s the Logarithm ot 64,whichis 64. 1,826 3 Soc 
he Cubr of 4; as 1s here to be ſeen, 
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is, I; one numter d.vide another, the Logarithm of the Diviſar 
ſubſtracted from the Lt earithus of the Dividend, 
leaves the Logarubm if the Q Vuanent. 
[ ogarithin<, 

As let 5.40 be divided by 36, the quotient will £40. 2.732 3938 
Ye 15+ I ſay then, it the 1 ogarithm ot 36,be fub- 36. 1.5553n25 
ſtratted from the Logzrithm or 5 40 there will 15. 1.1-6c91; 
remain the I ogarithm of 1 5, 25 is hereto be ſeen, © 

For ſeeing the Quotient multiplied by the Divifor, produceth the 

Dividerd, theretore by the lalt Prop, the ſum ot the Logarithms 0: 
the Quorient, and ot the Diviſor , 15 cqual to the Logarithm of the 
Dividend : 1t theretore trom the Logarithm of the Dividend, be ſub - 
tracted the Logarithma of the Diviſor , there remains the Logarkhm 
of the Quotient. 

And by the like Reaſon, it the firſt Quotient be divided by a ſecond 
Diviſor, and the ſecond Quotient by a third Diviſor, Fc. the tum ot 
the Logarithms ot all the Diviſors, ſubtracted from the Logarithm 0! 
the brſt Dividend,leaves the Logarithm of the Jaſt Quomen:t. 

As it 5.40 be divided by 36, the Quotient is, 1 5, which again di1t- 
dd by 5, the Quotient is 3 : I ſay then,that it the ſum of the 1 vgu- 
rithms ot the Diviſors 36 and 5, be ſubſtracted from the Logarithiu of 
the Dividend, 5 45, there will remain the Logarithm of the 1a! Quo- 
tient 3 

Cheul, Hence it is manifeſt, that the half of the Logarith) m of ay 

number, 1s the L»garit ns of the ſquare root of that rumber , ant 
th at *% third part of the Lo arithm of an, Y number, t (he FA [7 = 
rithm of the cubiq 4 root of the e ſam? number. 

Logarithms. 

Thus halt the Logarithm ot 6.4,is the Logarithm 64. 1.$c 51 $8: - 
of 8, which ts the (quare root of 64 : and the third 38. 0.90330 
part of the L ogarithm ot 64,1s the I ogarithm of 4 4. 0.602046: 0 

which 15 the cubique Root of 64, as by this Example may be {ecn, 

And thus much tor a taſte of the natiire and atteCtions ot Loga 
richms,ſufhcing tor our preſent occalion : he that delires to be furihe: 
acquainted with the conſtruſtion and diverſe application: et them, 

zay xead Mr, Briggs in his Arichmetica Log Me 4 M61. 
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13 Trizonometrie. 


In the Examples, s ſtands for j:4e + tor tangex:: js. for ys corn 
plemenrs - ic, tor tangent complement + (Cc. [toas. 


ES. 


The .i les and Eaſe given, to find tre Perpendicular, 


S ler the Triangle propoſed be ADB, 2114 let there be given the 

Butz Ab 768 paces, and the Argle at D 67 deg. 2". (then 
the Anglc at Als allo known, being the complement thereof ) and let 
there be reQuired the Perpendicular DB, then may this Perpendicular 
D1 be tound three ſeveral ways : For, firſt, putting AD as Radius, it 
tuviioweth, that 


As Sine the Angle at the Perpendicular 5, D 67> deg.23* 9.965 2485 
1s 1n proportion to the Baſe : AB 768 paces 2, 853612 
{v0 13 Sine the Angle at the Baſe, & 22.3% 0.58 49685 


[n preporuon to the Perpendicular, D B 320 paces, 2.5950817 


Here ( according to the 3 Prop. Ch, 2.) 1 add the Logarithms of 
the {econd and third , and trom that ſum ſubſtract the Logarithm of 
the hit, and the remainer, which is 2, 505081 7 15 the Logarithm of 
the tourth: Wheretore looking in the Table tor the abſolute number 
an{wering thereto, I hind the neareſt to be 320 , which is the 
towh number r«quired, It 15 ſomething more than 320, but tor bre- 
vity , and the eaſe of the Learner, I emit the FraQtion, having be- 
{ore |;-wed how to find it: And it (according to the Coro/, of 2 
Prip.0 hap, >. ) inſtead of ſubltratting the Logarithm of the firſt, 
} acd his complement Arith- 

metical R tkat total «bating s,LD 67 deg. 3 CoMp.ar, 0.2347520 


|adius is alſo +, 5053-317 AB 768 paces. 2.5053Z612 
as before, And the work s, A224 37. 9.5 849685 
{tand- tn thts manacr, DB 3 20 paces, 2.5050817 


Thus h:\ in: ſuffcicntly explained the operation in this frſt Exam- 
ple, We hai! be brie:cr in the ret that tollow, underſtanding the like 
11them alio. 
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2. 1) #4 mate AB Radinethe propertion holds thus, 


As Radms, rad. /. godep. co. ar, 

ro the baſe AB 768 paces, 2.885J612 
ſo rang. the angle at the baſe, t A 22-37 26197205 
to the perpendicular ; DB 320 paccs. 2.5C5U817 


Here hecauſe the compl.arith.ot Radius ( which 15 1n the rt? place ) 
! 


'« > thuretore | ſer down 1n the firſt place only Cyphers, or nut'ing. 


B 


1, 1f we make D b Radirn, then 
As tang. the angic at the perpen. : D 6> deg, 23' co, ar. 9.6197205 


1s tO the bale : A B -68 paces. 2.8053612 
'0 15 Radius 5 go-CO . 10, 
'9 the perpendicular. DB 32:0 paces. 2.50 56017 


Becauſe the Arithmetical complement of 4 tangent to twice Radins 
7 20,00 GOCCO, 15 the tangent of his complement ( as hereafter (hall 
bs [hewed)) therefore 14 the former Example we have put #6; the com- 
plemert arithmerical «f tang. D. his tangent compleme-t, axd ſo abate 
!wice Radiy : andthe (ils you way always do when you nave a tangent 
1; the firſt place. 


CARE 3: 


The Anel: ſ ard F aj. OF. m, ts find the FHypoth, muſal. 


* 


* 


Fer there be given A B 763 paces, and the angle D 6» Ceg. 25), 
and let there be required the Hypothenuſal A D. 


"Y Þs 7 
[) I. as 


T! rigonometrie. 


'P) 
ry 


1, Making AD Radim. 
As ſine the angle at the perpen. 5 D 67 deg.z 3'c9.a7, 0.0347520 


is in proportion to the Baſe: AB 765 paces, 2.80953612 
{0 13 Radius, $90 OO -- 
0 the Hyporhenuſal. A D 83z pace® 2,9201132 


almoſt $32 paces, 


2, Alaking AB Rading. 


As Radius, $90 deg.co,co.ar, 0s 

;< 1n proporuon to the Baſes APE 675 paces, 2.8853612 
{0 is {ccant the angle at the Baſe : ſec. A 22-37. 10.0347520 
t9 the Hypothenuſa!, AD $22 paces. "2.050422% 


How a Secant is found by the Table following . we have before 
thewed, 
:. Making DB Radius, 
As tang.the angie at the perpen, e D 67 deg.23'c, 4.  9.6197205 


i5 in proportion to the Baſe : A B 768 paces. 2.335 3612 

{0 is the ſecant of the ſame angle, ſec. D 57-2 3 10.4150315 

:0 the Hypothenuſa) AD 832 paces. 2.9201133 
LSE 3 


The Angles with the Hypothenuſal given,to find the Bajc. 
Dat. A D $832 paces, D 67 dep. 23 Required AB, 
I. Mating AD Rad, 


As Radius, 5s 90 deg. 00' co, ar, 

ro the Hypothenuſal : A D 832 paces. 2.920222} 
fo line the angle at the perpen. 5D 67-2 3 9.9652 480 
to the Baſe. AB 768 paces, 2.885371; 


2. Makirg AB Rai, 


As: fecart ot the angie A, is unto the Hypothenuſal AD : o 1 
Tac13s, rg the Pale A B, 
Js ATanng 


. A A,” EY 


|) 
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3. tay DB Radiut, 
As the ſecant of the angle D, is urto the Hypothenuſal AD ; ſo 1s the 
:1ngent ot the angle D, to the baſe A B. 


CASE +4 
Th! Baſe and Perperdicutar given, t0 find an Angle. 


Dat, AB.758 pace:, DB 329 paces, Required Avor D, 


D D D 


A 2. B A B 


ba Aaking AB Rad:us, 


As the baſe, AB 765 paces: co. @, 71146385 
1s 1 proportion to Radius : 5 9c deg. co 10. 
ſo 15 the perpendicular, DB 320 paces. 2.50@315090 
tO tang.the angle at the baſe.c A 2 2-37, 0.5197 $83 
2. Makirg DB Rain, 
As the perpendicular DB 320 paces. co. ar, T4943 50OO 
1511 proportion t9 Radius: 5.99 deg 00 I ©. 
{0 is the baſe, AB 768 paces, 2, 88FG1g 
to tang.the angle at the perp. 6. D 57 23 10, 3002T15 


And this ave theſe angles fumnd with leſs than a minute error, he 
that deſires exattne(s, may uſe the ways we have b:fore ſhew:d, Cap.2. 
Prop. 8. Ut all ſuffice in the Examples of this Brok, , tet ſer down1he 
meaſure of arches and angles in degrees ard minmtes , as well for bre= 
vity, as not to burthen young beginiers with alithings at the firſt, 


D 2 CASE 


Trigonometrie, 


I, 
ty 


CASE F. 
The Baſe and Perpendicular given, to find the Hypothenuſal. 


Dat. AB -68 paces, DB 320, Required AD. 
Firſt, by the fourth Caſe. 


As the perpendicular, DB 320 paces. co, ar. 7.494$500 
151n Proportion to Radius: $5 9c-00 

!'o 1s the bale, A B 768 paces. 2,.5853612 
{0 tang: the angle at the per. t D 67 deg. 23' t0-38c2112: 


Secoxd!y, by the ſecond Caſe. 


As line the angle at the perpen. 5 D 67 deg. 23' co, ar. 0.0347522 

's iN proportion to the bale: AB 768 paces. 2.5853612 

fo 15 Radius, 5 99-CO 

.v the Hypothenuſal- AD 83: paces. 2-9201132 
CASE 6. 


the Baſs and Hypothenuſjal given , to find an angle 
Dat, AB 768 paces. AD $32 paces, required D. 
1 Making AD Radirs, 


As the Hypothenuſal AD $32 pac co.ar, 7.0798767 
is 1n proportion to Radius : 5 92-0C 

fo 1s the baſe, A B 768 paces. 2.85853612 
to fine the angle at the perpen- 5D 67 deg. 23' 9:9652379 


2 Making AB Radimne. 


As the baſe AB, is in proportion to Radius : 
ſo is the Hypothenuſal A D, to the ſecant ot the angle at the baſe A. 


CASE 7. 
The Baſe and Hypothenuſal given, to find the Perpendicular, 
Dat. AB 76S paces, AD 832 paces, required D B. 
Firſt, vy the {ixth Caſe. 


As the Hypothenulal AD $32 pac. co, ar. 7.0798067 
is in proportion to Racins : 5 90-00 

{o 15 the baſe, AB 768 paces. 2.9855612 
to the line angle at the perpen, 5 D 67 deg; 23" 9.9652379 


Secondly, 


£4 
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Secoud'y, by the firſt (iſe. 


? 
As Radius $ 9c dey, CO' £0,407, Ce 
15 1n proportion io the bale : A BR 768 paces, 2, 363632 
ſo 15 tang. the angle at the bate, . t Az2-37 g.H19g7:C5 
to the perpendicular DB 32- paces. 2504-809 


Mr. Briggs in his Arithmetics Logaruthmicae C. 19. but in the 
{ccond Edit. C. 1”. refolves this Caſe more readily thus, 

Take the Logarithms of the ſum and diftcrence of the Iiypothe- 
nuſal and fide given, halt the ſum of thoſe two Logarnthms,is the Lo- 
ganthm ot the perpendicular or [ide required. 


As, let 
| L 1g art hm, 
the [ide given be 5632 Fthe ſum 1605 1.2041200 
the Hypothenſal 8; nf edifference 6. i. $-61 $80- 
ſum 5.910390 
the [ide required ; 2 > : {um 2.595 1500 


T he ifference tetweer, this Log arithm here found, and that which 
was fownd by the former operation,ari{eth chirfly by ne;!: ing ceveann 
ſeconds 14 the angie D, ai conleauertly in the angle A ; far the as; 'e 
A 1s inaced 22 aeg. 35 11", and ſomewh.it more. 


And thus may right angled Triangles be diſtinguithed mo 7 Caſes, 
though the reſ@lurion of all theſe Cafes depends upor, one Rule, which 
15 the Axiom betore put. 

The three Axiums tollowing are true in all phain Triangies, but are 
chietly intended tor the oblique angled ; which now we come tt 


handle. 


\XIOM 
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AXIOM 1L 


In all jliin Triangles, the ſides are in ſuch Proportion one 18 
anotic:, 4s are the fines of their oppoſite angles. 


Sinthe Triamge ADE. eAstheſide ADs 7 proportion to 
ED: /- « the ſixe of the Angle at E, to the ſire of the Angle at 
A. And ſoof the r:jt. 

Conſt. {bout the Triazgle ADE, deſcriie the Circle ADEC. 
by 5. 4. Euclid, 

Demonit. Thes are the ide; of rhe Triangle ADE, as ſabtendents 
or chords in the Circ/ſs ADE C, Ss that as the chord of the arch AD 
is 11 proparti:n tothe chird 7 the arch ED; (2 #& the fide of the Tri. 
argl: AD,ro the /ide ED;Cani the like 15 to be w.lerſlood of AE) But the 
half choras ave ſizes of half the arches ſnhtexed by thoſe chards yz and 
as the whole ts to the whole, (7 15 the half ts the half ; Therefore as 
the /ine of half the arcn AD, ;; iu proportis t9 the ſine of half th: 
archE D: fo ts the/ice AD, 
tothefide E D. But ha'f the 
arch AD, us the meſure of 
the axgle at E; and half the 
arch ED «© the mtaſure of the 
angle at A (by 2.3. Euclid.) 
theref re as the ſine of the an= | 
[i leat ik, 1119; proportion tothe 
hne of the angie at A; ſoisthe | 
tie AD to theſide E D. And 
the like 1s ta be underſtogd of ; 
the ſide AE,ard bs oppoſite ar-- %. 
gle ar D, Therefore in all plain 
Tria» o/er, &c. which was to 
be proved. ; : | 

Ard ſreing as the ſineof Etothe rieof A: ſor AD ED: 
therefore alſ; alternately ( by 16. 5. Euchd, ) As the ſine of the ar- 
gle at E, is un proportcouto AD; ſos the ſine of the angle at Ato th? 
jide E D, 5c. T heretore, 


"ASE 
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CASE 5% 


lhe angles of a Triangle, with one of the ſides being cit, 
to fied any of the other two ſedes, 


Ft there be given the anyic n 

at A, 22 degrees 37', and \ 
the angleat E 53 degrees 05. b. 3 
and the fide A D 780 paces. , 7 


And let there be required the —_——_— 
iideE D. Then by this Axiom A. ; 
As the line of an angle sE 53 dep. 08' co. ar. 0.9968917 
is to the oppolite lide given. AD 780 paces, 8920946 
C is the line of another angle, s A 22-37 5849685 
ro his oppolite lide required, E D 375 paces fere. 2.57395 48 

Here it 25 mot full 75 paces, but wants about four Inch: 1,biut 375 Us 
the number in the T able neareſt agreeixg tothe Logarithm2.5739548 
without a frattion, and 1 would rot trouble Beginners with frattions at 


firftg having ſpoken (ufficiently of them, Chap. 2, Set. 7. and $. 
CASE 9, 


Two fades being given with an angle oppeſite to» one of 
thee : to find an angle oppoſite to the other of them, 


33'S 42 


Dat. AD7$85>,E D 375, the angle tE x55 deg. ov. 
Required the angle at A. 


As one of the [ides given, AD 780 par. c. 4. 7.1079054 
to the line of his oppolite ang.given, sF 53 deg. o08' 9.903108; 
{0 is the other {ide given, E D 375 parts. 2.5740313 
ro the line of his oppolite angle req. «A 22 deg. 37%, 9-585 2450 


in the uſe of this laſt Caſe, the angic oppſite to the preate/t ide be- 
ing required, it will be ſometinoes donbtful whether it be acute or obtuſe; 
for in the Triangle ADE, inthe Scheam rf the ſecond Axiom 
ASED 365 parts, tas A22 dep, 37". 


So AE 945 parts, tesD 1c4 dep. 15. 
Ard 


4 \ 


Tric'r-mectri-. 
eArd i: che Trianzle AE #4 
As EC 555, parts, t1s$E AC,22 deg. 37 
fo A E 945 parts, ro sC,75 deg. 45 


2 


/ 


Ineith'r of which the operation 1s one and the ſame, and the ſine 
* 1nd «il 0:4, though the angie 13 the one exceed a qualrant by 14 deg. 
15, 41d the other comes as much ivt: Becauſe every ſine of an arch 
{eſs than 4 quadra:t, 6 alſs the ire of the complement of that arch to 
to deg. Now this doubt carne! ( metimes be otherwiſe cleared but by 
delineating the Trianole 4s exatt!y as you £4. 


ARITIOM-:IL 

7 all jliin Triangles, 4s the ſum of two hides, is to their dif- 

ference : jo is the tango at of the hal Jum of their two OP- 

poſz1 e angvics, to the tangent of the difference of either of 

them, above or under the half ſum. 

L:t ADE 6b: an obliqne Triangle, 

Conſt. Aa'ts ACandAHeachequal ts AD, 

and draw D H, azd pare! thereto draw E GC; 

and draw a live from C is D extending it 16h, 
Demonſt. Ard foraſmuch as A H #s equal to | 
A D,cherefore (by 5.1.Euclid ) the angle AHD «© 
e74:/':9 ADH, and by the like reaſon the angle 
ACD z equ.il to AD. , therefore the whale angle F | 
HDC :s equal to b:th theſe argles CHD & HCD; 
therefore (lythe corr. 31. 3. Euclid) the angle 
HDC # ariyght angle. And foraſmnuch as & G 15 
prrallel rs HD, therefore (by 29.1.Fuclid) he an- 
ae EGC Fr alſ9 A right angle For tt 75 equal t9 
HDC, and (by the ſume) the 117 'e CEG is equal 
:: CHD az4 EDH ro DEG. U:: br -2.1.Euchd.) 
the eutwar 4 a 0/e AED & emal rc the rio cnivard 
an9 es HED 4nd EDH.put ADH common to both, 
ther. theje 1:-4 479/05 AHD 4 ADH are equil anne 
fFoinraſ-7wy7 AED #:4 ADE: thoreture enher of 
theſe w9arploi ABD ard AD ! is bilf the [rn 
of FN” ('s ' 7 Ted "*s ED 141 ADE TE ef ,re 7 A £3 
j- 'H r/e KFC, 24 11 * rpe [1114 0* tbe [ 005; 44+ E _—_ IO C 
£6 AED a:4A DE, | ; 

| Now 


4 WW 
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Now if to one of the ſides of a triangle there be drawn a parallel, it 
divides the other ſides proportionally (by 2. 6 Euclid.) therefore « C H 
's in propertionto HE, ſous C Dro DG: therefore alſo compoſed ( by 
18, 5. Euclid.) 4s CE: HE, ſos CGr DG: that #, 

eAiCE the ſum of the ſides AE and AD, 

6 in propertion to H E their difference : 

ſo s C G the tangent of balf the ſuns of the angles AED and ADE, 

to D G the tangent of the angle DE G, being that which the angle 
AED comes ſhort of the half ſum: 44 HD E # the exceſs of the angle 
AD E above the balf ſum. 

[ berefore in ll plain [riang 'es, 4s the ſum of two ſides , 11 to their 
difference ; ſo, &c. which was to be proved, 

Therefore in any plain oblique Triangle : 


CASE 


Two fider, with their contained angle being given : to find the 
other angles, 


AE 18g pac. ſum 345 
Dat. N D 156 pac. 4 diff: 33 D 


A 22 deg. 37' 

Regq.Dor E , which together 
are (15,7 deg.23', being the com- 
plement of the angle A toi89 A. 2 
deg. ©0', by the fr ſt Lemma, 


As the ſum of the (1Jes given;( AE +AD)345 parts.6.4-7.4621810 

is in propor.to _ _—_ (AE— AD) 33 1.5i185139 

ſo is the tang. of the half ſum? , T 

of their note _ e, (ED) 78d 41; ie. 

to the tangent ot an angle tF 25—33; 9.5797280 

Which added to the hal ſum, makes 
the grearer of the angles r:quired. 


Or ſubſtrafted leaves the lefler E 53—08 


D1o04—15 


E Here 


_ 
_— 
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Here (AE+AD) ſignifies AE more AD, or the ſum of them ad. 
ded together (AE—AD)AEleſs A D, or the remainer of AE 
when A D is ſubſtraced : : 5 E-4-D the tangent 0! halt the (ur of 
the angles E and D. 


The angle found, we mark with F only for diſtinction ſake ; and rhe 
like is to be underſtood, when we meet with the like notes, 


CASE 2. 


Two ſides and their contained angle given : to find the 
third fide. 


Dat. AE 189g paces: AD156paces: Az arg. 37. 
Keq, ED. 


Firſt, by the tenth Caſe, 


As the ſum of the lides given; (AE+AD) 3.45 par. 6.4.7.4621S10 
- in proportion to their ditference : (E—-AD) 3 3 parts.1.5185139 
0 15 the tangent of the half ſum? A SP 
of their oaeoke angles : c FC OPS 66, 457 TOE _ 
t0 the tangent of an angle : es F 25-—33E 9.6797280 

Which ſubſtraRed from the halt 
ſum leaves the leſſer ang. required, ; 


5 3—08 


Secondly , by the eighth Caſe. 


As the line of the angle found, SE 53 deg.0d' c.4. 0.0968917 
15 in proportion to his oppolite ſide AD 156 paces 241931246 
ſo is the line of the angle given; $sA 22 37 9-5849685 


to this oppolite [ide required. FE D 75 paces 1.8749848 


AXIOM 


ad. 
\ E 


) of 


the 


he 
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AXIOM IV. 


In oblique Triangles , as the true baſe is in proportion to the 
ſum of the ſides : ſo is the difference of the ſides, to the 
alternate baſe, 


As in the oblique Triangle ADE. 
Caſe 1. 


Admit AE to be thetraue 
vaſe, Conſt. Upon the point 
D, ard diſtance DE, (DE 
not exceeding D A ) deſcribe 
the circle ECG ; and produ- 
cing ADtoC, let fall the 
pergendocular D B, and draw Pe, 
the touch line AG. Then «. — : 
DCandDF, being each of << : DR. © 
them equal to D E AC i © SC 
th: ſum, and AF the dif- 
ference of the ſides DEandDA, and AE is the true baſe, ard A | 
the alternate baſe, 

I (ay then, as the true baſe AF, ts tothe ſum of the ſide: AC. 

Sa 1s the difference of the ſides AF, tothe alternate baſe Al, 

Demonſt. or ſeeing that from a pornt without the cire/e A, thire 
1s drawn the line AC cutting the circle, and the line AG tznching the 
circle, therefore (by 36 Prop. 3. Euclid.) the rectarglie f:gureof AC 
and At, 1s equal tothe ſquareof AG: and by the like reaſon, the 
reftanugle of AE, and Al, 1s equal to the ſquareof AG, Therefore 
the rectangle? ACand AF, « equa, to the reftangleof Aland AE. 
But equal re .1r.gies have their ſides reciprocally proportional ( by 1 4 
Prop. 6 Euclid. ) [herefore 4 AE 15 3n proportion to AC, ſow AF 
to Al. Wiich was to be proved, 

And this Caſe might ſuffice , there are 199 atbers, which are 4s [0 
law, 


/ 
+ 


EE 2 Caſe 
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| Caſe 2. 

T he like demonſtration ſerves D T 
for the other two caſes in thu L oy po : 
Axiom, namely if we let fall the PP : 
perpendicular from E, making gs £2 'Y 
A t the baſe. For then upon the Ce © 2 To WV; 
center E,and diſtance E D. (ED &— © _— 
mot exceeding E A) deſcribe the | 
circle, &c. proceeding as before : and if you place the letters 4s in the 
ſecond figure, it will be agree ble co the words of the former demanſtira» 
tion : ſnppoſing AD extended to C. 

Caſe }. 
Or if the perpendicular be let fall 
from A, making D E the baſether 


on the center A, and diſtaxce AD &. 
(AD mnt exceeding AE) deſcribe £2" D 
4 circle, and ſo proceed as before. #7 


And if yon place the letters as in 
the third figure,ut will be agreeable 
to the former demonſtration : ſup - 
poſing AD extended to C, 2 
In every of th:ſe three riangles, = 
AE # the rye baſe, and AI u the 


alternate baſe. 
CASE. XIL 
Three ſides of an oblique triangle being given:0 find an angle. 


Dat. AE 119 paces, A D156 paces, 
ED 7g paces. Required A, 
Firſt, ( by this fourth Axiom ) I reſolve it into twe right angled 
triangles thus. 


C In the firſt triangle. 


As the true baſe, AE 189 pac. co.ar. 7.723538z 
Js to the ſum of the lides (AD-+ED)231 pac. 2.3636120 
ſo is the ditference of the lides (AD-——ED) 81 pac. 1.9084850 
to the alternate baſe. Al 99 Pac. 1,9956352 


Having thus the true and alternate baſe, ſubſtract the lefler trom the 
greater, and in the middle of the remainer falls the perpendicular : 


(by 


ww” 


le. 
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(by 3 Prop. 2. E wc'td,) reſolving the oblique triangle into two right 
anzled triangles, in either of which the hypothenuſal and bale is 
kown. As the d ference of the true F alternate baſe being 90 paces,the 
half s E B 45 paces ( (erving to find the great angle at E ) being the 
baſe inth: right angledtriangle E B D. 
Which ha!f h:re ſubſtrattel from the true baſe A E 18g racer, le:re:; 
the baſr inthe ther right angled triangle A B D, nam''ly, AB 144 
paces; lerving to find the angle at A, 
Then 1n the right angled triangle ADB, having the baſe 4 B 
144 paces, and the hypothenulal A'D 156 pac-s, we may hnd 
the angle at A (by the 6 Caſe before going) thus, 


As the hypothenuſal, AD 156 parts, co. #7. 7.86875 4 
15 in proportion to Radius: #1 go deg. 00”, 
ſo 15 the baſe tound, AB 149 parts, 2.1533625 
to the (ine of the complement. — 

= ow. A67 | 21 0.9652375 


of the angle at the baſe. 
the complement whereof 2 2 deg. 37 5 the angle at A required, 

In like manner may be tound the angle at E. 

In ſetting down this fourth Axiom, I have tollowed the L ord Ne- 
pair : Pitiſcas and others have it thus, 

As the greatet /ide #s to the [nm of the ot ber two /ier, [0 35 the dif - 
ference of theſe two , to a part of the greateſt : which tahen from the 
greateſt, the perpenaicular falls in the muddle of the remairer, 

As in the firſ{t figure betore going ; as the greateſt tide A FE, 1s to 
the ſum of the other lides A Dand ED (thats AC: ) fo 1s the dit- 
ference of thoſe ſides A F, to a part of the greateſt Al: which raken 
from the greateſt, the remainer is [ E, in the midiie whereot at B, 
falls the perpendicular, 

Which ditfers little from the former , and is demonſtrated in the 
{ame manner. ; 

Now that you may at once have a view of that which we have be- 
fore in this Chapter more largely handled , 1 have &'gelted into this 
Table the things given and required 111 the example ot every Cafe, cx 
preſling alſo briefly their proportion and operaton ; ſo that hereby 
you may be ſufhciently directed tor the reſolution ot p!4in triang'es, 
Though, | would rather 1dvile every man to commit to nicmory the 
19.7 axioms before going, and to ground his practice there un 


- 
4 i} 


n Exemplary T able of Plain T riangles. 


"w 


——  —  - 


2 
A Dart, Req. Proportionality, 
i JOS 2s a. DOS 
| 4B D 
The fide given 15 marked} 2 AD 5D, Ka. AB. AD, 
| with A B, or if rone be] ;/7D.D| 1B ka. 5D a2 a> 
In right an- Js :ven, the ſide required 15 ) LAT © 
| gicd trian-+ marked with - B,placing 1B.DB ——— 7 
| 8-8 mg = aD e right an-| 5 4D' 3; D. Ra. 13. 4D. 
hs — D |iD, 1B Ra 3D. 
| PETE [4B.AD 14D. 4B Ka. «5D, 
| | » — |) Ra. t4, 4B DE, 
'Or vt thts AD 
| aft I +& A p$DB.D! DB.3_ay 
x 
| A n SA, ſ E J. by E. \, A 
| ' Op; voſt e ſides and ang nd. D , : D ED 
i £ | vLIyen and regu! red g AD. E. A A D, E D. E. , A 
= 0; E.. D. 
oY REO TEE, — —— 
| <= i EEE | 8 be $ (AE=AD) to (AE--AD 
| £ © WV [| An An-' [AE th . CONE. OR F. 
22 > = |\Two ſides ard gle, {10 /!onger, : sD 
= Wo = 
2 2 = | |their m_ | [ADth] D "te a is E 
9 2 = | :d angle g1- | Mhorters]| — { nn nmnmnecerncn 
vo >> | ven; to find Fthe thrd ind by the _ cat E, 
iS -2| ſide, A JD then Hg AD. 
ly 2 || nd by the Caſe D, 
Ws > wg [1.es given: to fi | 4 AE to « AD+—ED ) 
E CH _« an avv!c,- IE baſc iQ \ ID- CY DD) ro A | 
-< fo S , bh Dite [ear AE and All Is E B, 
= Ss © || D WWPLery \ E + or —-EB168 AB. 
Fetch [ED the | Then by the 6 Caſe; | 
| EE! x 2fVorte: \s ADto AB: | 
| -< | _ ['0 Kaz to ſje: A. | 
Es | or | 
| wy AsSEDw EB; | 
| ;& R ® Ra: to ſc: E, | 
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CHAP. IV. 


ITISCHS inhi TrigOmme'rid, hath four Theorems tor the 
varying of propyritons, and tor the tin. 111g out the thing requt- 
q ' ' 1 * * ” 
red in a plain or ſpherica! triangle ſeveral Ways : which bricily are 1n 
efte&t 25 tollow. 
[be Grounds w Thewems (or varying the terms of the pro- 
portions of Sizes, T anoents and Ser tnas. 


Theorem r. 
The proportion of Radius t) a (ine , tangent or ſecant 3 and 
contrariwi{e the proportion of a ſine, tangent or ſecant to 
Rains : may be varied three ways, by the firſt Aciom of 


plain Triangles, 


<4] 


A S» B A B 


wo 


For, 
As ſine DB, to Radins AD , in the firſt trianvle, 
"as } 


Y | ef | ,C 7 | « 
Ja Rad. DB, toſecant AD; in the third triangle, & And the con 


ſo tang. DB, to ſecond AD, in the ſecon| triangle, verie. 
Again, 

As tangent DB, t5 Red. AB, 5n the ſecond triangle, 

ſo 1s Radius DB, to tavg. AB, in the third triangle, & And the 

ſors fine DB, to fine AB, in the (irlt tr,anple. converſe. 


And the like is to be underſtood ot ſecants, but this may ſuffice. 
Henee then, 
eA': the /ine of an arch or angle, 15 to Radins: 
ſou Radis, tathe ſecaut comp. of that arch , > And the converſe. 
and ſo 15 the tangent of that arch,to his ſecant; 
Alſo 


TEA ——— jt 
_— —_— = 
CO —_R 2 . 
. 


—"— > — MS NN 
. . 


—_— 


> -———>——— 
— 
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Alſo 


Ai the tangent of an arch ur angle, us to Radins : 
ſo ts Radins, tothe tangent comp'ement thereof : > And the converl, 
and ſo us the ſine thereof, to the ſine of its compl, Y 

Corollary, 

Hexct it us evident; that Radin: a mean propertional between the ſine of 
an arch, and the ſecant of the conoplement of the ſame arch : alſo bet- 
tween the tangent of an arch, and the tangent of the complement of 
the ſame arch, 

And hence it is, that the complement arithmetical uf the artificial 
line of an arch, is the artificial ſecant of that arches complement. 
And the complement arithmetical of the artificial tangent of an 
arch, is the targent of the complement of that arch, { Here you 
are to underſtand the complement atithmetical to twice Radius, or to 
2 £.9900000, ) 

Asa target 
For ſeeing the J to Rady : 
proportion is ) fo is Radu 
torts tang. compl. 

Therefore ( by 3 Prep. Ch. 2.) an artificial tangent ſubſtrated 
trom twice Radius, leaves the tangent of its comp. 

Or (by the { oro4ary of the ; Prop. Ch. 2.) a tangent added to the 
tangent oft his complement, is equal to twice Radius. 

And the like is to be underſtood of the line of an arch , and the (e- 
cant of the complement thereof, ; 

Theorem. 2. 
The fines of the ſeveral arches, and the ſecants of their com 
plements, are reciprocally proportional, 
As the ſire of an arch or angle, 
75 to the (ine of another arch or angle : 
ſo us the ſec.ant of the complement of that other, 
to the ſecant of the comp'ement of the former. 

Demo-ſt. For ( by the foregoing Corollary ) Radius is the mean 
proportional between the line of any arch, and the ſecant of the com- 
plement of the ſame arch, 


verl, 


ne of 


o bt« 
nt of 


fcial 
nent, 
f an 
you 
r 10 
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Therefore the rectangle of any line, ard of the ſccant c: his com- 

lement, is eq: ual to the {quare of Radius (by 17.6. Enxcha.) fo that 
* reetang] es made of the lines of arches, ard of the: ſecants ot thete 
complements, are equal one to another, 

But equal reQangles have their lides reciprocally proporticnal (by 
1.4, 6. Eaclid.) Theretore, ec. 


Theorem 3. 
The targents of ſeveral arches, and the tangents 'f their C042 
Plement, are reciprec ully proportional. That is, 


i thetancent of an arch or anole, 
preg tangent of ang her —_ r arg. 7 
{» 15 thr tangent of the complement of that ther, 
'$, the: far 70 AY of tne complement of the f JY mer. 


Demonſt. For ( by the toregoing Corollary ) Radius 15 the mean 
proportion nal between the tangent ot every arch, and the tangent of 
h1s complement, 

I herefore the rectangle made of any tangent, and of the tangent of 
his complement, 15.cq aal to the l{quare 0! Radius (by 17. 6. End, 1d.) 
ſo that al! retungles made ot the tangent of archea , ard ot the tan- 
gents ot clic IC compiements, are equal one to anothe r. 

But equal reQtangles, Cc. 25 be! ore, 


Theorem 4. ; 
If four rrigritudes be proportional : then alternately jo they 
are proj -artion s! - 26 Dro, 5 Euclid. 


And ihe like 15 td be underFood of Numbers, 


As1 © beinfropo. ito ty 4, 2159 1012. then allo, 
As 3 i151: proportrtonto 9, 1015 4t0 12, 
And hire (whereas we have belore throvchout this Book comp3- 


red {1de- to the fines and tangents of in.91.5 Fo.) we may compare lides 
to 11de+, und c1igles to arglcs,a8 inthe exemplary Table we have cone, 


4 - " og - ry } ba Us 1 x . F. 
And thus much toucking the Dot rin? of Plan Triangs 


'y 1 H 


-_ 
_— 
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THE 


DOCTRINE 


WF 
SPHERICAL TRIANGLES. 


CHAP 0 
Of Circles of the Sphere, and their Interſections 5 and of thr 
kinds and affeGions of Spherical Triangles in general, 


,. O define in this place the ſeveral circles of the Sphere, 
- were ſuperfluous, becauſe they are beſt underſtood in 
the «/e of the Sphere or Globe, viherewith it 15 requi: 
lite the Reader ſhould be acquainted (ar leaſt in part) 
A bctore he apply himſelt to the Dottr1e of Spherica, 
cron eng © "> ing/es. | heretore paſſing by theſe, we come tc 
thoſe things which more immediaertly concern our preſent purpoſe, 

Prop. 1. 1he fides of a Sphe rica! Trrargie are three arches 0) 

great circles, err arch being leſs tLen a ſemicircle. 

Thercfore the arches of * parallels, or other leſfer circles ot the 
Sphere, are not to be taken as the fides ot a ſpherical Triangle. 

2, A great circle of the Spheres tht wt.ic1 utvides the Sphere 
equally into two Hemrmijpheres s and is every where drStant 
from its own poles, by a quadrant, or funrth part of a great 
carcie, 

Thus the EquinoQiial is a great circle of the Sphere , dividing it 
equally 18to the Northern and Southern Hemilpheres ; and it is every 
vw here diſtant trom its own poles (namely, trom the North and South 
poles of the world) by a quadrant, or 9 degrees. The like is to be 

derſtood ot the Ecliptick, and of all Horizons, Meridians , Azi- 

Muths, and oz all cther great circles ot the Sphere, 


4 
3. 4 
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3. A ſpheri, al angle is meaſured by the arch of a orc it (arc C 
deſcribed on the angular points as a center,between the free) 

[ cane extended to quadrants. 

Thus in the Seheam next tollowirg, the angie A D F 1s rot men'!!- 
red by the arch AF, but by the arch B: becauſe I B 15 deſcribed wn 
the anvular point D, as a center, between the lides D A ard D E, be- 
ng extended to quadrants, 


- . 4 J 

y 4 Any tro great CIV l-s of the Sphere ,interſcd ONE ANOTDOOY 7M 
: {wo oppoſite points, making the ang/es at thoſe Points Equal 

_—_— ONCTO another, and either of the Hl equa! to the arjtant 2 of 


the poles of the ſaize circles 
As the Equino&tial and Eciipuick mterſet one another 1n the 


of the zwir.ts of Aries and 1 ily.r, which points are dirct.y oppolite one 
to az0ther , being Ciſtant a ſemicircle or 1.50 degrees 3; and the 21 

EP pie by them comprecherded 

dd the beginring of Aves G 

od ;, equal ro that by them ns, 

equt  comprehended at the be- ts. 

part, ginning of Libra: and ci- \\ 

Tic) ther of theſe argles 15 equal A wh 

met to the diſtance of their 

e, poles, nameiy, 23 dig. 31, \ #-h 

OS 0 1 hus alio in this Scheam bay” ts," en. 
the Azimuth GI K inter- Wo PO” a © 

ft the fects the Meridian C:Ck 1n «. Þ #2 
the oppolte POoLrnes T arid : hd / 4 

here K that 1s inthe Zenith and nc_—_— - h 

{int Neovir ) theangle of thur S” 

Fg meriection at G, being Oo” 

FEE equal to that at K , either —_—_- 


of which avgles 15 meatured 
ng 't bythe arch or rhe 1'orizon CL, which i; equa! to E I, the Ciitance 
Vvely 0 the poles of the fatne circles, 


ouch "" "gi | «7 4 . "Py . ' . p : [ = M . : . P 

to be Corol. ae Ire If Agreds Carci "f the Sphere paſe of i 

All- / 6& q of TY. T1. ( < k eat (4! £24 b db 41 «6 {4 3 I of ( J* Hs of & ; k 
angus « ANA [NC CONC «Fi 


2, A 
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5. Every ſpherical triangle hath oppoſite to each angular point 
another triang/e, having the ſame baſe with the former,.nd 
the angle oppoſite thereto equal, the other parts of it ar” i. 
—— of the ſeverai parts of the former to « 41» 
circle, 


Let A DE be a ſpherical triangle, and extend the (iJes thr 
D AarndDE, till they concur at H,aiflo A Dard A «<till riey 
concur at G, and laſtly, E AandED, ull they concur at F. 
hen arc the arches D AH, DEH, AEG, ADG, ELF, and 
E A 7, (emicircics (by the tourth Propofition. )And thus to each an- 
gular point of the iri:ng'e 4 D E, there is oppoſite another triangle 
having the ſame baſe with the former, c>c. As to the angular point 
E, there is oppolite the triangle A F D , whoſe angle at # is equa! 
ro the angle at E, and the bale A D 
is common to both tciangles; and 2 
the lides F A and F D,arc the com- "as 
_ plements of the fides AE and DE; Saf om, 

ard the angles F A Dand FD A, - 
are the complements ot the angles Fu 
E ADandED 4; namely, their 
complements to a ſemicircle, or to |/ 
1 $0 degrees, yh 

The like might be ſaid of the tri- 2" 
angle DG E, which is oppolite to : | 
the angular point A, and of the tri- ='Y G 
angle A I E, which is oppoſite to 
the angular potnt D. So that any three things being given in the trian- 
gle + DE, there are the like given in every of thele triangles. 

Note. /* therefore the triangle to be reſolved be obtuſe angied, w 
have two of his ſides erther of them greater than a quadrant : though 
you might find out the thing required in that,yet it will be more con- 
ventent to reſolve one of the leaſt of the three triangles oppolire to his 
angular points. As if a queſtion were propoſed in the triangle ADE, 
« may more conveniently be wrought in the triangle A F D, 


6. If 
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6, if three great carcles maſce b 3 their interſ:tions a ſpher t- 
£1; triang/e 5 and if the poles of thaſe circles be the angulir 
print, of another ſpherica! triangle + the ancle s of th: fi-jt 
f-iwgle ſhut be equal to the (ides of th: ſrrond, an th: ſacl: 
oj tt firjt,to he angles of the ſecond. It only in [tad of 
the grearelt de, or greateſt angle, yuu take the com- 
plement thereof to a lemicircle, 


This is apparent by the fourth Propoſition of this Chapter, and both 
this, and the latter part ot that may be turther maniteſted thus. 

Let AD bc: an arch ot the Equinoctial, A E an arch of the Eclip- 
tick, E D an arch of the Horizon, making the triangle ADE, and 
let G be the pole ot the Horizon, F the pole ot the EquinoCtial, and 
H the pole of the Ecliptics. Then on the point A 25 a center, and at 
the diſtance of a quadrant or go degrees A M or AN, , deſcribe the 
arch M N, which ( by the: third Propolition ) 1s the meaſure of the 
angle at A, and in like fort 


OC, the micaſure of the G 

angle at D, and PL, the - _—— = 

meaſure of the comple- P 
y \ 

ment of the greateſt angle \\ 


AED to a femicircle. And 
foraſmuch as the arch M N 
is diſtant from A go de- 
orees, and the poles ot the 
arches A D and A F, name- 
ly,F ard H,are alſo (by the 
ſecond Propolition) diſtant 
from the ſame point A go 
degrees; theretore the arch 
M N being produced, will 
paſs by the poles H and EF. 
And for the like reaſon, the 
arch O C, will paſs by the poles Fand G. And PL by the poles 11 
and G, ſo making the triangle GH E. 1 ſay then, that the tides of the 

triangle G H F, are equal to the angles of the triangle A E D. 
For the quadrant F N is equal to the quadrant M 11 , and taking 
away 
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way Nt, which is common to them both, there remains the 114; 
F t!, equalto MIN , which arch MN i> the meaſure of the angle ar 
A. Ai by tie = Treaſon G F 1 5 equal to T O the meaſure of the 11. 
glear D, and GH iz equal to L P, the meature vi the complement ot 
the greateſt _ AF Dt» the two right nn And in like fort we 
may prove that the tid2 AF 15equai to M P, the meaſure ot the angle 
at ii, and E Degualto - > the meaſure 0: neangleatG, and A S 
cual to N O, the meaſure of the complement ot the orcateſ} an2ie 
(zFlliozcd CCUrCes, Tt hcrefore, /f threr grear circles male by ther 
rnterſections aria 7, "1 XC. Which was to Mt won 


Corollary. 


MN” ! , nhaesa 3 # 
F!. Mt O it ji E797 lent, # 7 '!  #d , MF. i ſ } [ LV Y ( al EFraant to 
' F af ' * » : , _ 
M1; lie ( 7) TI al 11! } {il , 1311 [ %; {i FT 4''to TLEET g i 


 # ' 7 I AS PE en, gs, is 4 
7 o RCM DYCC AVICH'S Of C JC Sj, [P-c! Icili Frz 0) ale, a, e Crealer 


p HOW 
Iran tive Vigc!Ut 41S, 
C % 


I'd *O? \ Ou ma) | % | 1 : 4 F108 HAN, Patifcttt 


8, If uſp: 4c, ul triancle have one or more riot angeles, it 
ea: ea right an; led | ſpherical triangle, 

9, If ajſpherical tri Goh have one or more of his ſides qua- 
darim's,it is Cal. d JURagts triangle, 

LO. T7 af have neither right anti le g 20Y «ny | de a quadr ant, it 
is Calo an ovine ſpheric þ bs ianole. 


? 


I1.!'e {tern altriangle be both right analed, ard quadran- 
[ d 2 Fs ” F " y 
tal, th. (ries toereof are equal to the oppoſite angles, 
, Fi 4 Fo C 


For if it have three right 21 2!28,the three lides of it are quadrants; it 
it have two rtreht anvies, the nyo hides fu Decent! ng them are quacrants, 
and the contrary ; 121t have one right anvle,and one ade a quadrant, it 
hat vo right ang'es, and two quadrarial tides ; all Which: is evicent 
BY fg 1 3 rouary of the t zurth Prop, [11o6n, Butat two lives 22 C n—__ 
| third mealureth their contained anvle by tlc thi: : © | Prop0- 
(3:17, h:rctcrefor the fulution of ticle kinds G: [Cai gh 5, + the: C 
needs n9 1uiher Rue, 


[ oth.{c, vie may add three Propolitions ft d mit by the Barcr 


j3 


LY 


Q 
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Mer chiſione, _—_ Book of the uſe of :!:s admirable Table of I 9- 


parith;as :; beivg a> tolloweth, 

2. iwo ob lique angles of a ſpheri. a! triangle, are wither f 
them of the fame hin 4 0 f which ths ir 0 j0 te fades are, 
Therctore knowing ot what kind the one 1s, it aypeareth alſo of 

what kind the other 15. 

13. If any + of a triangle be nearer 19 1 anadrant than is 
oppoſite fd two /. des of th L triangle ſhall be of one kind, 
and th: bird ke; than 4 —_— 

14. But if . any It 4. of a triang 2 be nearer to 4 quadrant than 
his oppo/ile angi. Ano ingles of that triangl. * (0, ll be of 01/0 
kind,and the thir, d. ore iter than a quadrant, 


— —————————————— OC P— ————— — — — 


CHAT. FL 


Of the first fundanmont id Axiom for ſpherical triangles « and 
of the * ſolutron of rieht angled and quay antal Iriangles 
thereby, 


ITISCY/F, ard others to theſe times,f, r the ſolution of righ! 


angled ſpherrcul Triangles (not inedling with quadrantals) have 
'E} | "a _ ko hots ad TY, wives Chef 
CELVETe wo A 1 - UY Ne! WACTEOT, TWO tm 55 GIVEN COEnues 
the right angle) athird may b- round, But tor the mol t part the lides 
0) the trian $24 C muſt Te | 0), eed, tf! {fk [() the f! 1V be Cl\vers [rlin- 
gies made by their inceriectt peu iy an firſt, « 
of the complements of thoſe parts wivertly, An then it muſt 06 2 


lidered, to which of 1.1 thoic triangles one ©: thel faid Antoms may 
aptly and immediately be appiicd tor handing the Þ! 15g required or the 


\ 
| 
X i . Yr Y ES ; Es - \F. 4 noel d ona 
COMPIeny!NT thereot. But the honoucabie Lord AN» arr on [210 many 
* * k » SEX - __u . * erx% ") * is a Aa 
EXCeilent Fre olitons by In-1 tramed mthe Dit iw2 s Towaples, 


hath tw o,wh Awe it "endtoinike nic ot. 25 tung Ni Ain for 
the ſolution ot | allike calcs or ſpherical trianplys Viz $167 tervJil tor 


's; 
the ſoiution 07 ri '1t noted and g antal at v Tr 
. . # . 
ng any tide, winch attÞr DLEPArati at thirettiig,s Wi te do WA 
with fome little alteration, ary erate to the tature ofthe Logaritiims 
noW 11 ule, F 
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[cis firſt to be underſtood, that right 
argicd ſpherical triangle hath five parts 
belides the right angle ; which he calls 
the natural parts : as the t:1ingle ABD, 
right angled at Þ, hath the l1de AB, the 
anule at A, and the [iypother.uſal AD, 
the «nzie ADB, hath the tide DB. Three 
ot thele parts which are tartheſt from 


WV - 
the right angle,name:y the angle BAD, Ex | 
the tiypotheruſal A D, and the argle Find | 
A D B we mark or note by their com- DC... c-;* = 
plements to a quadrant. As the angle i. aa 


& A Dwe account as the complement ot the ſame angle, and ſo write 
coml. BAD, tor AD comp'. AD, for ADB cemp!. ADB, 

But the two lides D B and A B, being next to the right angle, are 
nt noted by their complements. Ard theſe parts thus noted, or ac» 
com ted , he cal's the hve circular farts of a right angled triangle. 
N.m:'y, 1 AB, 2 cemp!. BAD, 3 comp!, AD, 4 compl. ADB, 
5 DB. 

Likewile the quacrantal triangle A DG ( whoſe lide DGisa 
quadrant ) hath hve parts bel;dcs the quadrantal five, Namcly, the 
tide AG, the angle as &, the angle GD A, thelide AD, and the 
angle D A G, which we may call his natural parts, But three of 
theſe parts , Which are ſarthelt from the qua&rantal fide, name'y, 
the ſide G A; andthe angle G A D, and the lide AD, we account as 
the complements of the ſame parts , and fo not: thers by ther come 
pierrents, As complonacnt GA, complement GAD, or DAB 
{ which 1sall one ) complement A D. The other two angles A DG 
and D © A, being ncxt to the quadrantal live, are rot roted by their 
complemems. An th. fe tive parts thus noted or accounted , he calls 
the fve ctict lar parts « a quailrantal triangie. Name!y, 1 complement 
At, 2 AGD, ;G D A, complement AD, 5 complement DA G 
orD AB. 

Now of inefe Eve parts, two are always given to finda third z and 
ard of theiv three one 15 7 the :10dle,ard the other two arc cxireams, 

eichcr 2c&jacent to that micdle one, or oppotite to It, As in the 
trianule A DB, ABard A Dying next tothe Argle D AZ, zre 
ſaid to be 2d} :cent extreams to A ; ard tor the like reaivn, tlie an- 

gets 
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angles BD Aand BAD, are extreams adjacent to the hypothenuſal 


AD, and ſoare AD, and DB, toD, andDand A B, toDB: and 
laſtly, DB and A to AB, forthe right angle at B, is nor reckoned a- 
mongR the five circular parts. So alſo A B ard A, are faid to be op- 
polite extreams to the angle ADB, becaule neither of them are ad- 
joyning to it: alſo A and AD, are oppolite extreamsto DB, AD 
andD, to AB; DandDB,to A, DBand ABto AD. 

And the like is to be underſtood in the quadrantal Triangle DAG, 
namely, that the angles at D and A, are extreams adjacenttoAD ; 
ADand AG, to A, AardG,to AG; AGandD, toG, Gand 
DA, toD. andin like manner A G and $, are oppolite extreams to 
AD:Gard Dto A; DandAD, to AG; ADand A, toG, A 
and A G to D, 


1. Fundamental AXIOM. 


Of the five circular parts in a ſpherical Triangle, right 
angled or quadrant 4, 


T He ſine of a middle part with Radixe, 1s equal to the tangents o” 
' the extreams adjacent ; or taihe fines complement of the oppoſe: 
extreams, 

Underſtanding by fines and tangents,the artificial (ines and tangents, 


that is, the Logarithms of the natural lines and tangents. 
For, 


As Radius, to the tangent of one ot the extreams adjacent : ſo is the 
tangent of the other extream adjacent,to the line of the middle parr, 
And, x 1 
As Radius, toline complement of one of the oppolite extreams : fo 
is ſine complement the other oppolite extream, to the tine of the 
middle part. 

The demonſtration hereof , he hath briefly ſhewed in his. Book of 
the uſe of the admirable Table of the Logarithms : and we more ful- 
ly at the end of chis Book. 'Therefore we will here only illuſtrate it by 
Examples, as followeth. : 

In the right angled Triangle ABD , we have ſhewed before how 
A Bind AD areextreams adjacent to the angle at A: and that AD, 


2s alfo the angle A, are noted by their complements. Therefore by 
G this 
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this Axiom , the fine of the complement of the angle at 4, added to 
Radius, is equal to the tangent of the complement of vA D, ad 
ded to the tangent AB, which we may ; 
bricfly expreſs thus / c. eA + Radius = 

tc. oA D-1-t eA B: which is as much as \ 
to ſay, fine complement 4, more Radius, P 4 

is equal to tangent complement A D, more 57 © bf 
tangent AS; this line -+- lignifying more,or 4 

addition , this = equality , this — leſs, a 

or ſubſtraction ; as we. have before noted _—_ i 
upon the third Axiom of plain triangles, B 


Now admir Then is 
AD 74 deg.50; 119.4330804.__ A 70 deg.0303 16.9.5 329939 
AB 51 32;t10.0999135,  Radivs 10.00200000 


19.5329939 19.5 329939 
Here the tangent of the complement of A D, being added to the 
tangent of AB,the ſam is 19.5 32 9939;ſo alſo the ſine of the comple. 
ment of A, added to Redias, the total is 19.5 329939, as the other; 
and here the angle A is 70 deg 03',02",35”,but weneglct the thirds, 
Again (by the Jater part of this Axiom) the ſine of the Complement ot 
the angle 4 DG, more Radius, is equal to the line of the angle at A, 
more the {ine of the complement of the lide A B , which we expres 
thus : ſc D-++ Rad, =5 A+ſc A B; which may thus appear. 


Admit Then is 
A 7odeg.03'03";19.9931255__D 54 dep. 125 8" ſo 9.766957: 
AB51t 3200 iſc9.7938317© Radiw 10,.0000000 
19.7669572 I 9.766957! 


So alſo ( by this Axiom ) in the quadrantal triangle A D G , the 
line of the complement of the angle at A more Radiws , is equal 30 
the tangent of the complement of A G, more the tangent of the 
complement of A D, which we exprels thus: ſc A=j-Rad, ts AG 
+ ic A D, whych may thus appear. 

Adai 


cd to 
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Admit 
A 6386.18; tc10.9999135 __ A 7odep. oz) 03” ſc 9.5329939 
AD 74 50 ic 9.4330804© Rad. 10.0000000 


—_ 195329939 19.5 329939 
And the like is to be underſtood of the reſt,as by this Table follow- 


18g may appear. 

Or inſtead of the ſecond, we may 
15 DB--Rad=s5 AD+:i A fay 2 ſc A-{-Rad=ſc DB -{-5 D. 
: ſcD+Rad=ſcAB+5s A Andin like ſort, he that liſteth 
3/c AD-{- Rad— In BD-+/c AB may ſet down the equality of the 
4/c AD+ Rad—ts D+tcA lines and tangents of the other 
5ſc A» Rad=r D-|-tc A lides and angles; and fo there 
6s AB—+ Rad =ic A-\-tDB will be 10 ot theſe, of every of 

which according to the things gi- 
ven and required he may make 3 caſes, and fo 3o in all, anſweradle to 
the ſeveral politions of the letters; as is done by the Honourable 
Lord Nepair : It in ſtead of the equality of the two terms on the one 
{ide of the Equation,to the two terms on the other, you would expreſs 
the proportion of the four terms, it ſufficeth to put the terms recipro- 
cally : as whereas in the firſt it is ſaid 5 D B-|- Kadics = 5 A D-+ 
s A, we may put the terms reciprocally, and lay , as Kadixs, to line 
AD, foiss 1tos Db, oras Radiruwtos A, ſoiss ADs DB, 
putting alwayes the term which is ſigned with the term required, for 
the frit number in the rule of proportion , and the two terms that are 
on the othet (ide of the Equation, the one in the ſecond place, and the 
other in the third place of the Rule of Three. Bur this may here 
ſuffice; for to theſe may the ſixteen caſes of a right angled ſpherical 
triangle be reduced, namely, 3 to the firſt, 3 to the ſecond, 2 to the 
third, 2 to the fourth, ; to the fitth, and 3 to the lixth. 

As admit there were given the hypothenuſal A D, and the angle at 
A, and required the {ide D B; then by the firſt, ſeeing that s AD 
s A, isequalto «s DB-|-Radis., Therefore it from the ſum ot the 
_ - A D and A, vve ſubſtrat Radirs, the remainer is the (inc 

Secondly, admit there be given A D and DB, and required 
the angle at A,then ſeeing 5 D B -|- Radius =s A D -+- 5 A ; there- 


fore it from « D B--Ravdius, we ſubſtrat s A D, the remainer is 5 A. 
CG 2 Or 
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Or thirdly, if there were given D B, and the angle at A, and re- a, 


quired the hypothenuſal A D , then foraſmuch as s D B + Rad. — 
+4 D4-: A, therefore if from the ſum of » B D + Rad. vv: 


Asif 5-þ 10 be equal to 9++7; then if from 6-+-1 o, that is, from 
16, we take 9, the remaineris 7 ; or it we take away 7, the remainer 

Is 9, Fc. 
$9 alſo in the quadrantal Triargle AD G ( whole lide DG isa A 
quadrant) the equality of the ariificial lines and tangents of the parts, __ 
1s ſuch as here appeareth. AD 
A 


t + G-|-Rad=s A-|-+ AD Andto theſe 6, mayther6 _ 
2 ſc A3+Rad=ſc D-bs AD caſes of aquadrantal Triangle A 
2ſc A+Rad=ſe G+/ſc D bereduced in ſuch fort as vve D3 
37 G+Rad=ir AG+; D have before touched in righta 1; 


cr fe AG+Rad=rc A-|+4 G angled Triangles, and fhall A 1D 
6c A-+Rad=tc AG+ts AD further manifeſt in the Table 1 
tollowing, though we do not y ;; 


mn all places retain the ſame letters. rl 


ſubſtract 5 Athe remainer is - A D; and the like is to be underſtood * 

of the reſt. 'S 

For if from equal things , we rake equal things , the remainers are _=>_ 

equal, AB 
A 

Dt 


But becauſe the vvork being thus ordered, vvould for the moſt part *— 
be performed by ſubſtraion, vvhereas it is ſomething ealler to add, 
than to ſubſtratt ; therefore you may inſtead ot fubſtracting a line or 
tangent, add his complement arithmetica] , vvhercof vve have'betore 
ſpoken , and ſo the vvork may be contormable rn theſe Tables fol- 
lovving ; whereof one ſerverh for right angled Iriangles, the other 
tor quadrantal. 


Inthe uſe of theſe Tables, you are to mark the things given and re-| 
quired, vvith the letters in that Cale given and required ; and you 
mult cut off from every ſum, Radius or « in the ficlt place rowards |, 4] 
the left hand , for indeed 5 A 3 +t A, is equal: D B-þ- Radius, 
and ſo of the reſt ; except where you have the complement Arith. xe 
of a Sine, as your own reaſon in the ule of this I able will dire you aj; 
| | A 
An 


— — - —- 


| re- An Exemplary Table of the Reſo- 


— 
” — 


VVe 
to0d 


Iuczon of the ſeveral Caſes of 
right angled ſpherical Triangles. 


ſ AYE __- 

& 500: s ABft:e = Dy } 
rom A | D Ic ee A=c D} : 
iner AD ww AﬀtcA B—rcAD| ; 

D BD \co. ar. ic D3t. A=s D} 4 

isz A A Dico. ar. s ts D3=:AD} 5 

urts, __JAB "Afr DB AB © 
ADAB «&sv 5C Aft AD=rab 7 
AlDti +» ADfs A-:Dp|8 

£26 _ f D eADfe A=zrc ti 9 

ngleAB'AD) XocDBfcAB=i Allo] 

vveDB A s ABf:«sAD -ic An 

ighr\ D [ 0, ar. ic. ABt c AD—:cDE I2 

hall AD, A t ABticAD-&« Alt3 

HE 

not) p) A [£+47+7 ADjDB—s Ajſrg 
"ll D Bl. ar. - Dfic A ic JT 
2 {AD te Direc A — 5 Aſi 

_ Ez} 

dd, 

© Or 

ore D 

fol- 

her 

| 

re- 

/OU | 

rds [1 all theſe Caſes, the anp'e given 1s marked 


us, 
th. 
Ou, 


An 


HH Operation or Equality. | [= 


An Excmplary Table of the reſo- 
lution of quadrantal Triangles, 
one of whole ſides is a quadrant. 


| >| Operation or Equality. 
Gi} + AGfse Amr $< 
D s AGTs A=s 
A ie Att AG=trcAD 
D 
AD 


l. 
[co.A7, « Gf Amie D 


c0.4.itenAfs G=:s AD 


AG, Ty Att G=1nc AG 
At -ÞD Gt [1 t: AG=r D 
G| A AB Tos G=tec A 8 


A 9 ow w A]ON 


>> 


lan) «£ AGtic G=icAD' g 
AUG] t«t AGfs D=:e "Gio 
D 


$4 ts AGfs D=s An 
ADco.ar. ic Dfjic AG=: AD1:/ 


| te AGttc AD—5c Art 


with A; orit none be given, the angle; | 


required is marked with A, the right 


angle with B, the hypothenuſ! with! - 


A D. 


——_— 


"ol 
AD| G |cc.ars AGfic AD =5c Grd 
4A, « Df G=5 Ajty 
G | 4G s Gfre D=rc AGts6 


in all theſe Caſes, the quadrantal {ide 1 
marked with DG, and the oppolite 
angle with A. 


and 
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And thus we have fhewed in theſe Tables, the Equality of the arti- 
kcial Sines and Tangents of the things given and required in all ſuch 
ſpherical Triangles as have either a right angle , or one of their (ides 
_ But if you deſire the proportign of their natural Sines and 


angents ; it is 


As Radius, to the firſt of the three : 
ſo is the ſecond to the third, 


Except there be the complement arichmetical of a (ine, for then 


5 that ſine is to Radius : 
fois the ſecond in theie Tables, to the third, 


F xawple of right angled Triangles, 
1 (aſe. reAB; tt A=tDB, 
Therefore, as Radius, to: AB, for Ator DB. 
5 Caſe. Compl. Arith. : A + s5DB=5 AD. 
Therefore, as « A to Radius ; ſo:D B, s A D. 
And the like is to be underſtood of all the reft, 


Which that you may the better perceive, I have here added in ex- 
reſs words , the Canons or Rules of the proportion of the natural 
ines and Tangents of the things given and required in every of the 

16 Caſes of a right angled ſpherical Triangle ( and the like might be 
done for Quadrantals ) all which Rules (as may ealily be perceived) 
depend upon the fundamental Axiom betore going, and the Corallary 
of the third Propoſition of the ſecond Chapter of plain Triangles ; 
and here the (ide ſubtending the right angle, we call the hypothenuſal, 
the other rwo containing the right angle, we may call limply the fides; 
but for farther diſtinftion , we call one of theſe containing lides ( it 
matters not which.) the baſe, and the other the perpendicular, 


The 
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a2 1. The perpen- As Radineyto the fine of the baſe : {+ % the tangent of the 
- - dicular. ang 'e at the b.ſe, to the tangent of the perpendicular, 
Ew E 2. Ihe angle at A Kad:u4, to ſine compl. the baſe * fo # fine the argleat 
v £ - ithe perpendic. the baſe, to ſine compl. the angle at the perpendicular, 
-£ "#3. The hypo- As Kadima, to fine compl the angle at the baſe: ſo us tang, 
© - \ thenuſal. compl. the baſe, to tang. compl. the hypathenuſal, 
52 ( 4. Theangleat As fone compl. the perpendicular, to Radinu; ſoſine compl. 
2=2\ the perpendec, the angle at the baſe, to ſine the angle at the perpend, 
t- = 2 )J;. The hypo- As fine the angle at the baſe, to Radins: ſo us the fone of 
-*  ithenul4l. tb- perpendicular, to the [int of th e bypot henuſal. 
So (* I he baſe. * As Kadimny to tang.compl. the ang'e at the baſe : ſo wthe 
Ek tangent of tle perpendicular, to the [ine of the baſe. 


SY (7. Thebaſe, As Radira to ſine comp). the arg'e at the baſe : ſo the 


d 


| tange-t of the hypothenuſal,to the tangent\of the baſe, 
3, The perpen- As Radius, tothe (int of the bypathenuſal : Yo 15 the ſine 

= ,dicular. of the a»glie at the baſe, tothe ſire of the pertendic, 
= / 9. The angle at fs Radime, to ne comp!. the hypothenuſal : ſo tang. the 
Qthe perpendic. angle at the baſe, to r4ng.compl. the angle at the perp. 


to hi 


The h\pothenuſa 
& angle at the balc 
Iven 


? 22 (10. The hypo- As Radium, to ſine compl.1he perpendicular : ſo fine compl, 
v.L 5 thenuſal. the ba/e, to ſine compl the hypothenuſal : 
- > -- }' 1. The angle As Kadins to the /ine of the baſe: ſo the tang. compl, 
= 85 5 ( atthebaſle. of the prrpendie. to targ, compl. the ang: a. the baſe. 
>= 12, The per- As ſine compl, the boſe, ts Radinu, ſo fine compl. the by- 
= Vo ncicular. pot henuſ al, to fine c-mpl. the ger pead.cular. 
© = Jaz. Ihe angle Ai Radit, tothe tangent of the baſe : [> fangent comp. 
<= at the baſe.” the bypot hennſal, ts tne compl. the angle at the taſe, 
© }13 The argle As the /ine of the bypotbenuſal, to Radins : ſo 15 the ſine 
= = [ attheperpend. of the baſe, to fone the angie at th: pergend:calar. 
5 -2Fr5. The per- 4: ſine the angle at the perpendicalar, ts to Radia: ſo ſine 
- & . \pendicular, compl.the angle at the baſe, to fone compl. the perpendic, 
; ph As Ralina, to tangent Comepl. the angle at the perpendi» 
*Z « /16. Thehypo- cular; fo tangent complement the angle at the baſe, 
EZ =! thenuſal. to fine complement, the bypot henuſal. 2 
N 
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And becauſe by the third Prop. Chap. 4 of plain Triangles, 

As the tangent of au arch, 

# the tangent of another arch : 

fo '5 the ta:gent of the complement of that other, 

to the tangent of the complement of the former, 

And by the Corollary ot the firſt Propoſition of the ſame Chapter, 

Radins 15 a mean proportional between the tangent of an arch, 

axd the tangent comp/ement ef the ſame arch : 

ſo tht as Kadinus, ts 19 the tangent of an arch: 

ſo ts the tangent cemplement of tha: arch, to Radins, 

Theretorc it any man delire either tor variety, Or CONVeniency , to 
alter the Propolitions vyherein there are Tangents,he may ealily do it, 


As inſtead of the firſt he may ſay, 
Alt the ſire of the baſe, is to Rad;us : ſa ts the tangent complememe nt o; 
the angle at the baſe, to the tangent complement of the perpendicular, 
a For the third, 
Ar fine complement the angle at the baſe, to Radins : (1 the tangent 
of the baſe, to the tangent of the hypothennſal. 
For the lixth, 
As tangent the angle at the baſe, to tangent the per prnaicular *: ſo u 
Radins, to the ſine of the baſe. 
For the ſeventh, 
As fine complement the argie at the baſe, to Radius : [5 tangent come 
pement the hypat henwſal, to tangent complement the baſe. 
For the ninth, 

As ſine complement the hypothennſal,to Kadins : ſo tangent complement 
the angle at the baſe, to tangent the angle at the perpendicular, 
For the eleventh, 

As the fine of the biſe ts to Radius : ſo #5 the tangent of the perpend;. 


- 


cular, to tangent the angle at the baſe. 


For the thirteenth, 
As tbe tangent of the hypathenuſal , ta the tangent of the baſe : ſa # 
Radins, to ſive complement the angle at the baſe. 
For the lixteenth, 
As tangent the angle at the baſe, t1 tangent complement the angle at 
th: perpendicular c ſo 4 Radins , ro ſize compiement the bypathenuſal. 
Many 


epter, 


C0074e 


e at 
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Many other ways raight theſe Propoſitions be varied, by the fore- 
ſaid Corollary,and third and fourth ty nn of the fourth Chapter 
of plain Triangles ; and not only theſe, but the reſt wherein there arc 
on! (ines, are varied by theſe, and by the ſecond Propoſition of the 
ſame Chapter; the varieties thence ariſing being very abundant, and ot 
no great uſe, I rather leave to your own praCtice at your leiſure, than 
ble further time therein. 


by CHAP. UL 
Of the Caſes and Bueſtions incident in every ſpherical triangle, 
right angled or quadrantal in general. And of the examples 
of the ſixteen caſes of a right angled triangle in particular. 
V E come now to give examples of every of theſe caſes in the 
reſolution of ſome Problems of the Sphere, And ſuppo- 


G 
_——_— 


ff 
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ling the Reader to be already acquainted with the principal circles 0/ 
the Sphere or Globe, we will torbear their definitions, 

Let G MN B repreſent the Meridian of the place, L K the Eq, 
noQia), H P the Ecliptick,Y = the points of Aries and +.ibra, At 
North-pole, O the South-pole, A O the axis ot the World ; or mer 
dian of the Sun at fix a clock, M B the Horizon, G the Zenith, N th 
Nadir, GN the azimuth of Eaſt and Welt, or the firſt vertical, F 1) 

a parallel of declination, A D( 
Xote. All the inward arches are indeed an arch of a meridian paſting by th 
(in this kind ot projection) Elliptical, center of the Sun at his rilins ( 
thapgh for readinels fake we celeriv? grin. AEO the meridian 
them circular,and fo allo thes do lufh- ' x R \ 
cient!y revreſent the things intended. Fae Sun being inthe Eaft or We 
2, yz azimuth, A F O the Suns meridi; 
being at F, G D N, the Suns azimuth at his riting, G CN th- Sy 
azimuth at lix ot the clock, & F N the Suns azimuth beinz at F, 


Here then arc ſeveral ſpherical triangles, fome right ano!, 
ſome quaCrantal, and ſome oblique angled, 


} 


(AB, the Py'es e/e nation. And of t 

| A D, the compl. of the Suns declination, | ** parts, 
ſis the right D1,che Suns az:mith fromthe North, Wo COMPA 

angicd Triany!2 | ox the compl. of the amy! tude. | 11 1 hh 

\ r Dy pM ED AS, toe hr from indght , or the >drautal trix 
ET then ID) compl. of the difference of aſcenſion. | tlc, GA! 
ade of ADB, the compl. of the Suns angle of  *'* th: 
paſ1tio 4, 37 angle of his meridiazgvith 


L the Horizon, 


IFy 


7! 


J.* (y | 9 
6 % wh % 

, Ir: - % 
f . I 

, 5H) 4 1 L 


V F, the *ui; piice, or d /tance fromy 
: the neareſt Enunottial P1137, bg 
. as F i>N , , f . 
Y () h:s riobt aſcenſion, 5r 11s Com, I FO NP Sg 
MnnleYFQ E = h wi ; wa MT 4 parts , or ths 
r [1 F Fu 4 . . ; 

right angled arg Q the eaaadetranconw | >C011,ements 
{) G1 tet QYF the 1317/6 of the £c:: tir * 1.4 M1 , p 
4 \uppof:ng Lily 4 | BJ - i 4 e +» *þ '#X; v3; ib | Mmay<e t nc CL 
*UaatF '» made Equuoitial. ? Cranito] tran; 


irc 11ght *n121o% 


\ EF” arab y , as y F s + * 4 1 A 
; | Qr OE AnQD C0 1008 SHY METIUAN | \! 
v IVILQ) LIU Ec/:ptict. 


_ 


 - 
. 
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es c ſhe right angled V CG, the Suns declination, 

* "Iriangie RV C,\ CR, the Suns berght at the bony of 6 jÞ'> » ot then 

Eg : my it ang.ec a: s YN R,che Surs 4zmmth from E aſt ar — "C1 ) * 
"SE, \ acai: © apnea It eſt at the hour of 6. \, "PETR. 2 

A th, £ vade } Garatitaitial:.: 

i, «JG is of > Ji> #U 448 E [ J = . y 

/CYR, the Poles elevation, Y OC, 


Nt 4 \Y Ck, the angle of the Suns poltzon, / 


L of th 7 Mic 


Dc Ther oht angieds SE, the Suns declination, And ct the like 
Tring.” FO ENS the bour from 6 parts » Or ener 

Dy th enbp ' | I ? , 4 - ' 4 q ! 
Y i I Any » 4 C wo mcnt ge? 


| : 
+, $ + 
Ii + 44% [| 


4 L a i . ky " . p » Af 
ng e S (:t we tupps $4 Yl {Ne O05 height Leng E aſt or Vrejt _ 
th-SunatE ) 15 oY F, the Latiind-, = drama! trtanye 
Mau of SEY. the angle of the Smns poſ1cion, YEA. 


> OO WD ISO ——— 
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ling the Reader to be already acquainted with the principal circleg 0 , 
the Sphere or Globe, we will torbear their definitions, 
Ler G MN B repreſent the Meridtan of the place, L K the Equi» c 
noctial, H P the Ecliptick,Y = the points of Aries and Libra, A the S 
North-pole, O the South-pole, A O the axis of the World , or meri- < 
dian of the Sun at fix a clock, M B the Horizon, G the Zenith,N the 
Nadir, GN the azimuth of Eaſt and Welt, or the firſt vertical, F D, 
a parallel of declination, A D © 

Xote, All the inward arches are indeed an arch of a meridian paſſing by the r 
Cin this kind of projection) Elliptical, center of the Sun at his riling or 3 


thuugh tor rcadinects {lake we deſcrib2 ſ; - _ " L 
, . 1 z w et in . r F 
them crcular..nd fo allo they do lufh- ung AEO the me id1an 01 wy 


cient!; remclent the things intended the Sun being inthe Eaft or Weſt 
Eh azimuth, A | O the Sins meridian 

being at F, G D N, the Suns azimuth at his riting, G CN. the Syns 

az1muth at lix ot the clock, & F N the Suns azimuth being at F, 


Llere thenarc ſeveral ſpierica] triangles, ſome right ang!.d 
i C A >) þ 
ſome quaCrantal, and ſome oblique angicd, 


(A B, the Py'es 8/e14tion, ) And - 
. - - . 1.1, "REDO. 
| A [D, the compl. of the Suns dechnation, IKC Parts « 
! ! S b_ * , Fy 
j nus tne right D:3,the Suns az:muth fromthe Nerth, : car COMP 
, . ory 4 


angied Triany'!? te oy the compl. of the amy! tude. 
3 Dir:vnt an - 2 p # 
nie ok i SD AB, rhe hiur from nu tught , or the ? draital trian- 


e:cd4 atB(tuppo- "LC þ " ' 
Gn ON 2D) compl. of the difference of aſcenſian. | tle, GAP, 
maicot * | ADB, the compl. of the Suns angle of | "4 the nigh; 


"g ed trians 


L_ the Horizon, 3 ze, YTD 


V F, the ns piice, or d jtunce from) " 
the nezre/t E quunottia' Pint, # OROIES 
gy "HON". + | And Iſthe 
FranZle VEQ Y (2h right aſcenſion, or 115 compl. | ia — 
ewht angl:d arg F ay the hero pbagtpaebende ”—_— > C011 P.ements, a 
() ſuppoſing to () TP F, the ang [7 of ine Ec.iptich. and made the 
*UaatÞ '» made Equnaital. ) 


jre right -naled | 


b Ca = 
LEES * »- . 
\ $41.0, IDIATIC.C- 


\ ! % i 


| CEEA of 178 AP. < e* tine SRI MeriiAN 


_—_ / p L 4 = f 
C wit the Eclpiick, 


— 


- 
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ſhe right angled p Y C, the Suns declination, And of th: fan; 
Triangie RY C,\ CR, the Suns beight at the bony of 6 jÞ3""> » 7 then 
i hob angled at & \V R,che Suns azummuth from Eaſl op f{ <plements, 18 


(i we ſuppole they 1! made the qua- 
Sur; at C )i> Wade Wm eff at rhe hour of 6. drantal triang!?, 
oF /CYR, the Poles elevation. PSO, 
b m \ 
\y CR, the angle of the Suns poſitron, / 
The right angled S E, the Suns declination, = And cf the like 
_ TIT - i a 
Triang1c Y >E,NG V, the bour from 6. parts , or their 
right angled at coinplements+,ts 


YE,the Sens height Leing Eaſt or Weſt 


made the qua- 


19 |» £ 
Mage of 


I (:t we luppou'c «Obs 
th:Sunat E ) fo EF, the Latitud:, drama! trtange 
\y > Y, the angle of the Suns poſrcion, YEA. 
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The oblique angled (G A, the complement of the Poles elevation, 
triangle 4GF, having | F A, the complement of the Suns declination, 
neither right angle , | G F, the complement of the Suns height, 

nor any lide a qua-e G AF, the angle of the hour from Noon , 
drant (if we ſuppoſe | AF G, the angle of the Swns poſition, 

the Sun at F) is made | FG A, the azimuth of the Sun from the 
of North part of the Meridian, 

Other triangles are repreſented in this Scheam, but theſe [ thought 
good ro note, t0 give occalion to young Beginners to exerciſe them- 
ſelves. 

Now we will ſhew the ſolution of one of rhe right angled triangles, 
namely, A D B, alſ@ of the oblique angid triangle A G F, whereby 
you may underſtand the like operation 1n all others, 

1. The amplitude,or Suns av1- 
The Poles elevation and hour of Sun- J math of r1/ing or ſetting. 
riling or ſetting, given; to find Y2:. The Suns angle of potion, 
2. The Snus declination, 
Let the Poles elevation be $51 deg. 32. 
The hour from midnight 4 ho. 49 12”. 
\W hich converted intodegrees, is 70 deg. 30. 


Caſe 1.For the amplitude,or azimuth of ring and ſctting,DB, 
Say 5 A B-|-Rad.=trc Att DB. 

Here inſtead ot (ubſtracting tc. A, we add its comp. arith, which 1s 
t A, and ſo work as tolioweth-: 

Pales elevation, | ABg51deg.z2z.s AB 9.893745: 

Honr trom midnight A -o 03% 84A Te44c114 

Snuns azmmuth of 11- 5 

: : D V > £©22800O 
(:1:9 and ſetting, B65 o8' 39S 10.333059 

[hs :s not full 65 deg. 08'; but wants abit a third part of a nu- 
ute, or 2", as you may find by the part proportional , working as Wi 
hve be\:re (hewea, Char. 2. SeRe. $. 

Ari this 55 deg, oS', 15 the complement of the Suns amplitude from 
the Eaſt or Wet northerly,or th: Suns azimuth from the North part 
tne Meridian, becauſe the Suns declination ts Norther'y : otherwiſe 
were his «2.1muth from th: Southgf the declination were Sontner(y , 


you may #:derſtand by the foregoing Scheam eurning it upſiae down, 


} - 


3m 
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And whereas it & ſail, Hour from miduight 70 dep. 1*, it ts tobe 


#nderſtood,the howr converted into deg. and mir, wich hens by allyw- 
ing 15 d.grees for an hour and oxe degree for four minutes »f time 
and 1 5 minutes of a degree for one minute of time, &c. Or ſaying Ly 
the Rule of Three, If one hour, or 60 mines give 15 deprees, wha; 
gives the $18 propoſed ? and [2 the contrary : if you would convert de- 
grees into hours, ſay, 1f 15 degrees give one hour, or 60 minRte: 5 
rrme what gives the degrees propoſed ? 

Note:that for your caſe in reſolving A 
queſtions, whether in plain or ſphert- 
cal Triangles, it will be expedient to 
mark the things given and required , as 
in this example , where the lide A B, 
and the angle A being given, are each 
marked with a daſh thus -, and the 
fide required D B, with 2n ©, or cy- D 
pher thus, 0, 

Caſe 2. For the Suns angle of poſition . 
Say 5c D-|-Rad =5 Abi A B. 
Therefore the operation 1s thus. 


Poles elevation, AB 516depg. 32' 5c. AB g.7938317 
+, 2 | 

Hour from —_—_ A »0 02 # 9.973123 
<S1u4u5 anple of polition ? Cs 
8 As D >) 4&6,”  # D Q.70Cy<53 


:£ the complement of F 
Which 3; 5 deg. 7 i the angle of the Suns polition. 
Caſe 3. For the Sans declination. 
Say fe A-j-Rad==t A B-|-rc AD. 

Here inſtead of ſub{tra&ting «A B, we add its compl. arith. whick 
istc AB, and the like 1s to be underſtood im the ret that (ollow. 
Hour from midmgbt A 7O deg. 03 IC. A 9.5330 90 
Poles elevation AS Fl 32 icAB g.ygcct6y 


EE 4 lo p = ME 
3085S dech nation T9, 
* p_ A [3 I || [4 _ Wy ; . : - 1 
the complem:nt gf \ J cAD © .4+ i054) 


Which 1 5 deg. 1 5' is the Suns declination towards the North p ile (6 
elevated pole } becauſe tht hour trom midnight is leſs thin tix; 1 
it were more than {ix , the declination thould be ſouther'y ; as 1s 
evident by the Schearn betore going turned uptide down, 


4ft er 


hn —_—— _—___—_ 
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A'ter the form of theſ? three examples . * It there were g1ven the 
amnlitnio ar d angle sf the 51435 poſition, we m1ght find the Poles ele= 
vat” . the howr of Sun ring or [ernmng, nd the Suns declinat'cn : and 

f you je the exemplar j T avic, you may uſe the ſecond Triangle wider 
i T ::blt. 

Ike amplitude, or azimuth otQ4. Th: angle of pition, 

the Suns riling or {cttung, with WW T he Suns d:ic'itn, tion, 
tac hour given : to find 6. T he Piles ;levation, 
Let the azimuth of the Sun at his riling or ſetting be 65 deg. 0$ 
from the North, 
The hour of Sun riling (trom midnight) 4 ho. 40 r2', which con- 
verted imo degrees, 1» 70 deg. 03'. 


Cale 4. For the angle of poſttion. 
Azimuth of the Su . . 
« vii Hy wa DG65 deg. -8 co, ar. is, D Bo. 2277 
ar rig or ſetting X 
tour of Sun-11/ing A 70 ©3 A 
Arel: of 'p2j TH: cemp!. Iv 46 s D 9.902: w_ 
This « D, 9.992 34”, gives an arch or angle of 54 deg.14'; which 
15 01. angle that the Suns meridian makes with the horizon , but the 
angle of "the Suns pol10n 15 the complement thereof, namely, 35 
deg. 46 : 


Caſe 5. For the Suns declination, 


HH; 4r of CuUns 11 cnn A 
1% miuth T rL,00 [) 


dep.O3. £2, ar, s A 0.02 6876 64 
B 
F-? s declinatic in C6 19), AD 


70 
oF: ON sDB 9.9577455 
I3 [7 s AD 9.9846219 
I icrc be we noted betore) the arch anſwering to 5s AD 9.98462 19. 
I» 7 4 deg. 5 but the 


| the Suns dcclination is the complement there- 
of, that is 15 deg. 12, and {o ot others.. 


Cale 6, For te Poles elevation, 


Iſ,ur | Sunrijg A 7odeg.o3' ic. A 9.559885 4. 
"0 Pa ER { - 3 

Suns autmitg of rijicn DB 65 o8 8 DB 10.393307t2 
Pater 8. cvatton AB 51 3 a5 9.99398500 
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Thus DR being #5 deg. ©S', we find ABto begr deg. 33", but if 
we inould rake D B to be but 65 deg. 07' 40", as betore we tound 
it, then A B the Poles elevation Would be but 54 deg. 32", as 
betore, 

Ard ( a'ter the form of thele three examries ) To there WEYE 017 419 
the Pales elevatic u, aad the A gle of the S4:5 ps 6397, Wwe mi cl; tir: 4 
the hour of Sur-11/ins, the Su;;s declinatios, ard i; amp 1tnde or 436- 
mu: h of ri/ing Is ſetting. 

Tone Pales el:wation, 

The Suns declination, ard the hour of J$, The amplitude, or the Sm; 

the Suns rifing or ſetting given: to hnd azumnth, 

AE 9. The angle of pofetion. 

Let the Suns declination be 15 deg. 10 northerly, 

The hour of Sun-riling 4 ho. 3<* 127 

Vy luch converted into degrees, 1s 7 > dep. © 3". 


ul 


Caſe: 7. For the Poles cl:vation. 


Howr of San rit'g, A /C deg. c3 ic A 9.5JZo0Cg9O 
S uns des/inatias emp', AD 15 19 s AD1-.5669196 
Poles elevation, vi 2 £0 AB 1c.cyyu9a36 


Calc QT. To find the Suns azimuth, 


Sans declination compl!, AD 15 ceg. 10's AD 9.981653} 
Hour of ſur-7i/ing A Ie 5 A ).6931226 
Suns aa muth trom the north | — 

by by Og 65 85 DB 9g.9577269 


part of the metric an $ 

The complement hereot 24 dep. 52", is the amp.ituce of the Suns 
riling and ſetting trom the Eaſt and Welt northerly, becauſe the de- 
c11na:10n 15 northerly, 


Cale 9. 1 find the angle of the Suns poſition. 


Curs declination compl, ADis dep. 10 1c AD 9.j175539 
Homr of [wneriſing A "O 6 *..+ dc. 14011 
The angle « po .t14u con-pl, D 5 47 DP yoo $7797 : 
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\ 
An (after the form of the's three ex- )\ 
ampies) if there were given the Suns de- . } 
clizatio1, and the angle of the 3uns portion / 
at h1sr. 9 we might find the Suns avimnth, LY 
the P;':s elevation, and the hynr of Sun- nt 
7 Irs, _ 


> —— 


The Poles elevation, and am-Y19. The Suns declination, 
plitude of Sun-riling or ſetti.g<11, The hour of Sun-riſng , or 
given ; to find ſettivg, 

Ler the Poles elevation be 5 1 dep. 3 2". 
Suns amplitude of riling and ſetting 2 4 deg. 5 2' northerly. 


Caſe 10. To find the Surs declination, 


The «amplitude is the . 
then; tes of . DB:4deg.5z' DB 9.623774; 


»Y 
Poles elevation, ABg1 Z2 ic AB 9.7930317 


Swns declynation comp!, AD 15 10 «AD 9g.4176060 


This declination 1 5 deg. 1-' 15 northerly, becauſe the amplitude given 
is northerly , and when the one is ſoutherly, ſa 1s the other. 


Caſe 11. To find the hour of Sun-riſing and ſetting. 


Poles elevation, AB 51 deg.z2's AB 9.937452 
Suns amplitnde camp!l, DB 24 2 tic DB 0.66602 87 


—_—  — - 


Hur of Sun-riſng, A 70 03 ic A 9:5597739 


\Which 70 deg, 03” converted into time, 1s 4 ho. 40' 12", which is 
the time of Sun-riling ; but 17 the amplitude kad been ſouthetly , 
the arch thus tound had been the hour of Sun-ſetting, as is eviden; 
by the firſt general Scheam turned uplide down, 


rAnd afier th: form of thus laſt example we might by the ſam 
things given, find the angie of the Smns poſition, 


1hke 


> 
/\ 


43. 
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declination of the Sun given :<13, 7 he hour of ſun-riſing and 


Th: elevation of the Pole, andQ1 2. The amplitude. 
ro find etting, 


Let the elevation of the Pole be 51 deg. 32', 
Suns declination northerly 15 deg. 190' 


Cale 12. To find the Amplitude, 


T be Poles elevation, AB 51 deg. 32'coar.ic A B 0.206168; 


Suns declination comp', ADi5s 10 ics AD 6.4176837 
T he amplitude.the com- 
poem y h . DB 2.4 52 ic DB 9g.6238520 


Ard this amplitude 2 4 deg. 52' is norther- 
ly, becauſe the Suns declination is nor- 
therly : That is, the Sun riſeth 24 deg. 
52' to the northwards of the Eaſt, and FI 
ſets as much to the northwards of the 
Welt. When the declination is ſouther- 
ly, the amplitude thus found is ſouther- 
ly, as may appear by the firſt general 
Scheam turned upſide down. 

Of the amplitude thus found there 1s 
often uſe made at Sea,for finding the variation of the Compals : which 
is done after this manner, if yon do it by the Compals, 

Suppoling the circumterence or outermoſt edye of the card or flie 
of the Compaſs to be divided into 360 degrees, and the points of the 
Needles to be placed direly under the Flower de-luce, or North 
and South poirts : you are to obſerve at Sug-riſing or ſetting,how ma- 
ny degrees the Sun 15 from the Eaſt or Weſt points of the Compaſs , 
which number of degrees, it they agree with the amplitude found by 
this Propelition, as 1s betore ſhewed, and be on the tame lide, then 
hath the Compaſs no variation : but if they difſer, look how many 
degrees that difference is, {0 much is the variation. 

As for example, adaut | tind the amplitude ( as before) to be 24 


degrees, 52 minutes northerly, then | know that the Sun tbould fer 
I almoſt 
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21not 25 degrees from the Weſt to the Northwards, but obſerving: 

Sun-\ctting with my compaſs, admit I find it to ſet but 1 g degrees 
from the Weſt-point of my compaſs to the Northwards , then hereby 
] gather that the variation of my Compaſs is almoſt [ix degrees. A1.d 
thus you may 6nd how much the variation of the Compaſs is. Now, 


To fi nd which way the Compaſs varieth. 


it the degree of the Compaſs, which ſhould diretly reſpe& the 
Sun at his riling or ſetting ( namely, the degree of amplitude found 
as hetere) be more towards the right hand, than the Sun-riling or ſet- 
ting, the variation is Eaſterly , but if it be more towards the left 
hand, the variation is Weſterly ;, becauſe, wher, a mans face is towards 
the North, the Eaſt is on his right hand, atid the Welt on his left. 

As in this Example , I find by the amplitude, that the Sun ſhould 
ſet almoſt 2 5 degrees from the Weſt point of my Compals northerly, 
but ſetting the Sun, | ſee that the 25 degrees of my Compals is more 
towards the right hand , than the place of Sun-(er ; therctore I con- 
clude, that the variation is Eaſterly, 

And thus is the variation of the Compaſs found to be almoſt 6 de- 
grees Eaſteriy, ſo that the North point of the Compaſs ſhews not the 
true North , but points almoſt 6 degrees to the Eaſtward of the 
North, and conſcquently all the other points of the Compaſs dire& 
more toward the right hand than they ſhould do,almoſt by 6 degrees, 
and the like in all points 1s to be underſtood, it the obſervation had 
been made at Sun-rilin 

Noe. lt 55 fitteſt to make theſe obſervations when the Sun the ſeems 
to be a little above the horizon,nzmely,when the lower edge of the Sun 
ſeems a'moft to touch the horiz5n, ter then the Sun is in the horizon, 
though by reaſon of his refraction and parallax he {eem to be above x. 


Cale 12, Tofindthe hour of Sun-rifing and ſetting. 


P6'*: 9.80 47108, AB Fl dep. 328 AB 10.099913F 
 M-,* 49017, 4699 COM)., AD\ y lo ic A © 9.43 30804 


{Tour 1? CLTICATIS # 709 03 1c A 9.5 329939 
{S "© Cv. © 5 EvRYeItied IMO Lime, 1s 4 ho, 40 12”, Which is the 
time 
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time of Sun-riling)after midnight ; but if the declination had been 

ſoutherly, this 4 ho.40' 12” thus found, had been the time of Sun- 

ſetting after Noon, as may appear by the general Scheam turned 
uplide down. 

And after the forms of thes laft example , if there were giv: n the 
85Mmuth of the Sun; riſing or ſetting,and the Swn; declination, ue m. pb: 
find the angle of the Suns meridian with the horizon : or the Voles ele- 
vation, aficr the farms of the laſt but axe, 


Caſe I4. The Declination of the Sun, and his azimuth of 
riſing and ſetting given © to find the hour, 


Let the Suns declination be i 5 Gepg. 1» northerly , 
His azimuth art his riling or ſetting 65 deg. 28' trom the North 
To find the bour. 


Suns dec/mat compl. ADs deg. io'c ar. 3A!) C015 4957 
Suns azimuth D B65 ©8 sDB 9g.g95727485 
Hour of ſun-riſing A »0 JJ s A 0.07 201422 


Which 70 deg. 03' converted mto time,is 4 ho. 4-' 1: ', the hour of 


Sun-rifing - but if the declination had been ſoutherly , this arch 
thus found had been the hour of Sunſerring, 


And after the form of thu example, if there were given (as in the 


thirteenth Caſe) the Latitwde, and Suns declination, we mig ht fund the 
angle of the Swns poſition, or the comp'ement thereof, which # the argle 
of the Suns ene 2 | 

The hour of Sun-rifing or ſetting, and the ven: 5. The amplitude, 


an with the horizon. 


16, T be Suns decls- 


of the Suns meridian,with the horizon given : 
nAtin. 


to find 
Let the hour of Sun-riſing be 4 ho. 46 1:2”, 
W hich converted into degrees, is 70 deg. 03". 
The angle of the Suns meridian wxh the horizon 5 4 deg. 13 . 


Caſe 15. To find the Amplitude. 


Anz le of meridian and horizon. D 54 deg.1;' co,ar.s D c.2990*539 
Hor of ſun-r4/ing in deg. A 70 ©3 icA c.333c099 
Amp/'itude compl. US id 2 ic Db 9.52 3629 

F-2 Cale 
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Caſe 16. To find the Suns declination 


Angle of mirid. and horizen D $4 deg1z'icD g.8578031 
Honr of Suxn-riſing A 7o oz A 9.4598854 


Suns decl:nation compl. ADis 10 AD 9.4176885 


W hich declination 1 5 deg. 10 min. is northerly, becauſe the hour of 
Sun-riling is before lix : otherwiſe the ſaid hour being after lix, the 
declination (ſhould be ſoutherly. 


And afier the form of the laſt Caſe but one, we may by the ſam: 
things given find the Poles elevation. 

And thus 11 5 evident, that of the five circular parts of this right 
a"gled ſpherical triangle, namely, of the two oblique angles, the two 
fd-1, and the bypotben»ſal, there may le framed ; 0 Problems or Vue- 
ftions of the Sphere , and theſe 30 Problems are reduced to16 Caſes, 
and theſe 16 ( aſesto that one fundamental Axiom before ſet d:wn , and 
the like #5 ro be wnderſto2d in other right angled ſpherical triangles, 

T he ſame 30 queſtions might alſs have been m,ved and reſolvedin the 
quadrantal triangle AG D, and they are alſo reduced to 16 Caſer, aud 
th:ſe 16 Caſes tothe aforeſaid fundamental Axiom, Of which things 
having before given ſufficient light we will leave the pratiice thereof to 
the induſtrious Reader, 

And it will not be amiſs, when there 1s a queſtion propoſed in aright 
angled ſpherical triangle, to mark it wth the Letters ABD; ſetting 
B «t the right angle, aud A D tothe hypothenuſal , or if it be a qua- 
drantal triangle, ſet DG to the quadrantal ſide, and A at a»glethere- 
to oppo're. 

As (it in the general Scheam of the Sphere b:fore going) I would 
reſolve the triangle, V QF, right angledat Q, I putfor Y, A, for 
Q, B, and for F, D, as in the fr ſt fp ra : or ſput for F, A, 
fer Q,, B, and for Y, D, as in this ſecond triang/e, 


In 


C 
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A # 
A / 
D B A B 
In thus firſt triangle. In this ſecond triangle. 
A, % the Equineitial point of V anda, which in the ſecond : D 
triangle, u 
AR, its an arch of the Equinethial , which in the ſeconds DB 
DB, tan arch of the Suns meridian, which in the ſecond s AB 
And thus. 
AD, #« the ſuns place or diſtance from the neareſt Equinoftial : DA 
point, which in the ſecond triangle, ualſo 
tA B, &s the ſuns right aſcenſion from the neareſt RY DB 
point, which in th: ſecond triang'e, 
DB, # the ſuns declination, which in the ſecond triangle, uw AB 
A, 1s the angle of the Ecliptich with the Equinettial, which in D 
the ſecond triangle, « 
D, » the angle of the ſuns meridian with the Ecliptick, which in} , 
the ſecond triangle, 1s 

And any two of theſe being given, we may find any third required ; 
and ſo frame 30 (everal Queſtrons,every of which in one of theſe tri- 
angles, will be conformable tothe exemplary T able of right angled tri- 
angles before ſet down. 

And 'he like 1s to le ur:derſtood 'n the other two triangles before mens 
toned RY Card V SE: ſotbat intheſe four right angled triangliey, 
Jou may frame 120 queſtions of the Sphere, and their reſo'utions , and 
the like you may do 1n their quidrantals : all which [ leave to your own 
prattice, deſiring to ſe as much brevity as conveniently I may, 

And thus much touching the reſolution 8f ſuch ſpherical triangles 
44 are either right a. gled or quadrartal : now we come tothiſe that are 
oblique,which hve 12 Caſes, 1 whereof 41 alſo depend upor, the firſt ge- 
weral Axiom aforegoing, and might be thence dednced, Hut tht all 
things may be moe eaſie ard per ſpicmom , we will lay deontw2 Cone 
ſettaries following of the ſaid firſk Axim, af;er we bot declared in 
general the Caſes of an oblique triangle. O* 
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Of Oblique Spherical T riangles. 


CHAT. IV, 


Of the C ſes and Queſtions incident in every oblique ſpherical 
Triangle in general : and particularly of thoſe two Caſes 
wherein the things given and required are oppoſites. 


O the intent the _—_ of the Dorine of Spherical Trian- 

ples may be the better underſtood, we will here ( as we have 
betore in right angled Triangles ) give examples of the ſeveral Ca- 
ſes of an oblique Triangle in the a&tual reſolution of ſome known Tri- 
angle of the Sphere And we have before noted in the general 
Scheam of the Sphere, Chap. 3. that AGF is an oblique angled 
Triangle. Let us ſuppoſe the firſt of theſe Triangles following mark- 
ed with IDE to bethe ſame(where we change the Letters,not of any 
neceſſity, buc for the better conformity of all the examples. So that A 
here may in place of A there : namely, at the Pole of the world ; 
D here, in place of G there, namely, at the Zenith, and E here, in 
place ot F there, naracly, at the Sun. Then is, 


A D, the complement of the Poles elevation, or the diſtance of the 
Pole from the Zennh. 
A E, the complement of the Suns declination, or the diſtance of the 
Sun from the Pole. 
E D, the complement of the Suns height, or the Suns diſtance from 
the Zenith. 

A, the angle of the hour from Noon, or the angle of the meridian 
of the * un, with the meridian of the place. 

E, the angle of the Suns polition in reſpect of the Pole and Zenith, 

D, the Suns azimuth trom the Nortþ part of the meridian. 


And 
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And any three of theſe being given, the other three may be found. 
So that of theſe (1x parts conferred together, there ariſe in this Trian- 
gle, and fo in others, Sixty Queſtions or Problems of the Sphere : 
which are all reduced to 1 2 Caſes, the reſolution whereof we intend 
new to ſhew, and exemplihe in this triangle, and witha] to point out 
the ſaid Sixty Queſtions here incident,referring every of them to their 
proper Caſes. 

And that theſe Sixty Problems may be the more conformable te 
the 12 Caſes whereunto they are referred, have marked this Triangle 
fix ſeveral ways : tha: fo the things given and required in every of 
theſe Triangles be noted by the ſame Letters, as are ufed in the Cafe 
and Example whereunto that Problem is referred ; whereunto I am 
the rather induced, by the Example of the hononrable Lord Nepazr in 
his 12 Caſcs of an oblique Triangle, fet forth in his Book of the Con- 
ftruRion of Logarithms. 

But every man is at liberty to do herein as he thinks good, for the 
Rules are genera], howſoever the Triangles or their parts are mared, 

And thus having [hewed in genera), what Caſes and Queſtions are 
incident im an oblique ſpherical Triangle, we come now to handle 
them particularly, laying for the two firſt Caſes this ground, 


ConlcCary, 
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Conſctary T. | 
In all ſpherical Triangles : 1he (ines of the ſides, to the ſine! 
of their oppoſite angler, are arretly proportional; 


Th.» is, In the firſt of the foregoing Triangles, As the ſine of one 
fide E D, us in proportion to the [ine of tht opgoſite angle at A: ſou the 
[ine of anath:r fide A D, to the ſrue of his oppoſite angle at E, and th: 
like 15 ro be wnderſtoad in the ſecond I riangle, and ſointhe reſt. 

Note. We ſpeak here of natural ines as uſually whereſoever we 
ſpeak of the proportion of lines and tangents, we mean of the natu- 
ral fines and tangents ; and where we ſpeak of the equality of lines 


and tangents, we mean of the artihicial nes and tangents, that is, ot 


the Logarithms of the natural lines and tangents: For where there # 
an equality of the artificiil, there # @ reciprocal pr: portionality of che 


natural , as is evident by the Corel, of 3 Prop, of 2 Chap. of Plain 
Triangles. 


Conſtruft. Now toncking this C onſeftary, lit ADE be an ob(1que 
angled triangle ; if then we (et fall the perpendicular DB, ut #5 re- 
ſolvedinto tworight ang/ed triargles, ADBandEDB, 


Demonſt. Wherefore by the fundamental Axiom of right angled 
triangles, if we take the perpendicular B D for the middle part , and 
AD and 4 for bus oppoſite extreams, in the triangle ADB, ad E D, 
and E for hu oppoſite ext-eams, in the triangle E D B, then, 

Rad+$ DB #7 equal to 5 A D-|-5 A, alſo 
Rad+: DB :5equaltos E D+:5 E. 

But things that are eqa.l to one and the ſame thing, are equal one to 
another : therefore s A D-þ-1 A, rzequal tos ED+ 5 E. Therefore 
by the Corel. of 3 Prop. 2 Chap. of Plain Triangles, the proportion of 
their natural ſires 1 reciprocal, thus : 

As ihe ſine of E D, « to th: one of the angle A, 
ſo 15 the ſine of AD, tothe ſine of the angle at E, 

And th: like 14 19 be nnierſtrod it: the ſecond triingle. Therefore in 
all ſpherical triangles QC. which ws to be proved. 

And hence may tr-3 c:ie 4n an oblique triangle be reſolved, As, 


Caſe 


we! 
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Caſe 1. Two angles , with « ſide oppoſite to one of them given 
to find the ſide oppoſite to the other, 


As in the ſecond oblique Triangle, Let there be given 
T he Sun; azimuth from the North DAE, 107 deg. 36 
whoſe compl. io 180 deg. buing th 
fe comyl. 76 180 deg. being 'O BAK 74 


Suns azimmh from the South ,t: 


The hevr from non E 3 ho. q5' 44”, © 4 
which converted into degrees, 1s 
The 54ns height being the c:mplement of AD, 22 28 


And let there be required the Suns declination, which 1s the com- 


plement of E D. 
eA's the (int of th: h1ur from Now, $E $64.26'\,c0.ar. 0.59792253 


to the [ire compl. of the Suncheight :s AD57 32 9.9261900 

ſo the ſine of the Suns azimuth, $A 72 24 9.9791793 
1; ; ” (6 [. [ 4 

ro the /ine of th: compl. of the ;ED74 50 9.9845981 


Suns declination, 
Whereby the Suns declination appears to be x 5 deg. 10'. 


E 


A E 
Another Fxample of this C aſe, 
Let there be given in the fitth Triangle, 
The Suns a%imnth From the North, 9/6 DE A, 107 deg. 36 


complement to 180 degrees, ts BED, 72 2.4 
The h:ur from Noon A ; ho. 45 44» 
"=" E: . 55 26 
which converted into drgrees, ts 
The Suns declination , the complemnt of AD t5 10 


K And 


68 Trigonowetrie, 
And let there be required the Suns height, being the compl. of E D 
Hs the ſine of the azzmomib, xs E 72 deg. 24' co. ar, 0.020820; 


to ſine compl.the Suns declinat. 5 AD 74 50 9.284603" 
ſo the ſine of the bo, from naow, s A 56 26 9.925 7515 
to ine compl. the Suns beight. s ED 57 32 9.920195: 


Whereby the Suns height appears to be 32 deg. 28 min, 

Note, by the imitation of either of theſe examples, there may fox 
ather queitions in thu Triaxgle, and ſo of any ather, ba reſolved : 

As 1, I(inthe firſt triangle) there be given, 

T he hour of the day, the angle of the Swns poſition, and the heig/. 
of tbe Pole : to find the beight of the Sun. 

4 If there were given is the {ourth triangle, 

1 he bour of the day , the angle of the Suns poſition, andthe be gb 
of the Sw : to find the height $ ihe Pole, 

5, If there were given in the third triangle, IN 

T he Suns a%4mmh, and angle of poſition and decimation : to find th 
tlevation of the Pole. 

6. If there mere given un the ſixth triaxgle, 

T he Suns azimmh, and angle of poſition, and the Poles elevation: 1 
End the Suns declination, 


Caſe 2. Two ſides with an angle oppoſite to one of them gi- 


ven : to find the angle oppoſtie to the other. 


Let there be given in the ſecond oblique triangle, 
T be Suns height abave the horizon, compl, AD 33 d-g,25 
T he Suns declinatiin northor ly, compl. ED 'F = 
T he Suns azimuth A 107 degr, 36 min, or A 72 24 
And let there be required the hur from Noon E. 
Asſtzecompl.the Suns declinat, 1ED 74 deg. 5O' co ar.c.ols 3967 


!9 the ſins ef the azimuth : : A 72 2.4 0.9 791798 
ſo ſine compl. the Suns bruoht, sADx;7 32 9.926199 
to the [ine of th: by. from Non. sE 56 26 99207655 


Which 565 deg 26 min, converted into tinne, is 3 ho, 4<' 44”, which 
in the forenoon is 1.4 14” after 8 of theclock but in the afternoon 
, , - "# 
45 44 a'ter three 0! the cluck, 
Note 


N 
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w_ «- Wore. T he arch or angle anſwering to 9.92 07665, M wt full 55 deg. 
Tz , Ne 2 6 win.but wants a/moſt 4 fi; teenth par 4 of a mInute,or four ſtcondr, 
=——— Out for the more facility and readineſs, it ſhall ſuffice to give the ex- 
201 95: ample lo 4 winutc 8 {«ch a deſire more preciſencſs , may do at we 


have ſhewed in the ſecond Chapter of Plain Triangles, Set, 3, 


4) fos 
d : 
heigl 
he re £ 8 Y 
D # T- 
bud th Fa Y 
4 | / s N: 
5 gn IS Y 
in:t A WE" 00 A EF | as 
Another example of the ſecond Caſe, 
” e- 


Let there be given in the fifth criangle., 
The Suns declination northerly, complement AD 1g deg. 15 
T he Smnt beight above the borizon, con piement. ED 32 28 
T he ho. from neon, 7 he. 45' 44 ,whichindeg.s A 56 26 
And let there be required the Suns azimuth E, 


Propoſition. 


967 Als ſing compl the Suns height, ;sE D 57 deg. 32'co.ar. 0.07381-0 


£8 to the ſine of the bour ; $A 56 16 9.92 3717 
— fſoſine comp/.the Sun declinat. +1 AD74 50 oof.6529 
ich wy rhe fine of the azimuth SE 72 2 4 9.97 Ji $52 


0 Which 72 deg. 24 min. is here the Suns azimuth from the $ 1.1%, the 

ON complement whereof to 180 degrees, is 107 deg. 5 min, the 
Suns azimuth irom the North. 

K 2 by 
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By imitation of either of th:ſe examples, there may four other gue- 
lions in thu triangle, and ſo of any other be reſolved : Ar, 

3. If there were given in the firſt triangle, 

The Pales elevation, th: Suns height above the horizon , and the hour 
from noon : to find the Surs angle of poſition, 

4. If there were given inthe third triangle, 

The Smns decl;nation,the Poles elevation, and the Suns angle of poſition: 
to find the Suns azimuth, 

5. If there were given un the fourth triangle, 

T he Suns height above the horizon, the Poles elevation, and the ang, 
of poſition : to find the how, 

6. If there mere given in the ſixth :riangle , 

The Poles elevation, the Sur; declination,ard azimuth : to find the an. 

le of the Suxs poſton. 

1 his firſt ConſeRary might alſo have been propoſed thus. 

O” eppriire ſides and angles, the ſine of aſide , with the ſine of an an- 
gle oppoſite to axother ſide, 15 equal to the ſine of that other (ide, with 
the ine of the angle opp;/ite to the firſt, Thar is, 

sAD+sAiequal tos E D-+s E, 

hich in efteR 1s the ſame with the tormer, and in like ſort demon- 
ſtrated. But the former is to be preterred being brief, perſpicuous, 
and well known to ſuch as have bezn converſant in ſphgrical tri- 
angles. 

Bitin the-uſe of this ConſeQary, and of the two laſt Caſes, there 
happens the like doubr,as we have noted upon the'ninth Caſe of Plain 
Triangles, Namely, in ſpherical triangles it is doubttu], whether the 
angle neareſt to a right angle,and his oppolite (ide, be both of one and 
the ſame, or of divers kinds, unleſs you diſcover it by your work , or 
that it be a thing given by ſuppolition, 

This doubt may ( tor the molt part) be removed by the exat de- 
c|ination ot the ſcheam or hgure : whereby you ſhall perceive whether 
a ſpherical angle be acute or obtuſe, and a lide greater or leſs than a 
quadrant. Bur you may be turther cirefted herein, by the three Pro- 
politions of the Baron of Afarc! {fon , which | have for that purpoſe 
ter down in the firſt Ch prey of ſpherical triangles, 

As1n this laſt example,ſeeing the tide A D 74 deg.50 min.is nearer 
tO 2 quadrant than his oppolite angle at E being 72deg.2 4 min.or 107 
&9g.36 min.therefore(by the lalt ot thoſerhree)two angles of that tri- 

anglc 


hour 


19%: 


&48+ 
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angle are of one kind, and the third greater than a quadrant. That is, 
the two angles at A and D, are acute, and the thirdat E, namely, 
AE Z1s greater than a quadrant : theretore the angle there found 
wo Dis 176 deg. 36 min, and the like j:dgment is to be given of 
orners. 


_—_——— — — 


CHAP. :YV, 
Of eight other Caſes of an oblique ſpherical Triangle, reſolved 
at two operations by a perpendicular let fall, 


Ote. If this way of reſolving theſe etght Caſes at two oferat! 

ons ſeem hard, you may more cally reſolve them at three ope- 
rations,as is thewed in the lixth Chap:er next to! lowing ; but liere we 
ſhew their reſolution at two operations only, thus ; 

In the eight Caſes next following there are alſo three things (in an 
oblique triangle ) given to fi1id a fourth , for the finding whereo: it ;s 
requilite, that this triangle propoſed be reduced to rwo right angle d 
triangles, by a perpendicular let fall trom one of the angles to his op- 
polite ide ; which perpendicular talls ſometimes within the triangle, 
{vmetimes Without, 

It the angles at the baſe be both of one kind (that is, both obtule, 
or both actite) the perpendicular falls within the triangle , ot dlycrs 
kinds, without : and the converſe, 

n 
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In l«:ting fall the perpendicular,obſerve,that foralmuch a$ in every 
of theſe C.\zs there ts given a lide with an angle adjoyning : 

1. Let fall the perpendicular trom the end of that tide oppoſite to 
that adjacent angle : 

And further, when th; ſufficeth not, 

2. Terirftall allo oppolite to the angle required ( as 1n the fourth 
Cale ) or to the lide required ( as inthe {ixth ) accounting ( as be- 
tore ) the (des ard angles that are not accent, to be oppolite : 

[ he firſt of thele conditions 15 generally to be obſcrved in all the 
ewvhc Calcs tollowing, the ſecondin the tourth and lixth Caſes, 

And thus thall we have two right angled triangles, and rhe hy pothe- 
null 1:1 vne may be ſaid to be correſpondent tothe hypothenulal in the 
other ; and the baſe in the ore, to the bai«: 1n the other , and ſo the 
0. her parts. 

lhen in one of thetic right angled triar.gles ( which for diſtinRion 
ike we caii the ti:(ſt ) there is given the hyporhenu(al and angle at the 
baſc,whercby may be tound the baſe or angle at the perpendicular,as 
Cation reGui: cs, by the ſeventh or ninth Cales ot right angled tri- 
anvles ; and {his 1s the firſt operation. 

For the iccond, there mult (ot the things thus given and required) 
two things in one triangle, be compared to two correſpondent things 
in che other triangle, which ewo in each, with the perpendicular make 
three things in each triangle, either adjacent ( that is lying together ) 
or oppolite ; of which three, the perpendicular is always one of the 
extreams , ard the thing, required, one of the other extreams ; all 
which may appear 1n every 0t theſe (ix triangles, 


So that by the farit general Axiom ot right angled ſpherical trian- 
| 


gles. 
| F Radima | nw MP7. Pen, | AB-|-ic DB. 
56 D bj ic RE TY I 2 D4- kadims. 
, $ Radu |-5 ABt. tc A4r: DB, 
"0t D 84-c "5% equal to s E :-|- Radith. 


: Nodimul- 16 Ad .. te BD A++c DB. 
2c DBis BDESY 94 at E+ Kadine. 


Kelis | 56 BDA "POL. 7 A D+: DB. 
**:; D 8+ > fy: q as BD E4 Radine, 


Fut 


Rat 


Fe noo Poe eo 5 
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But if from equal things we take away equal things, the things re- 
maining are equa] , therefore from either (ide taking t or 5© D B ard 
Rad, it follows, that 

1, AD+sEBisequalto 5 E D+:c AB. 

2 1A B+tcEisequal to 5s E B+:tc A. 

3 5 A+; B DEvrequal tosc Es B DA, 

4 1 # BDA+:icEDis equal ro 55 B D Etc AD. 


Wherefore in each rizh: angled triangle, ſuppoſing the three parts 
more remote trom the right angle, to be noted, as is aforeſard, with 
their complements; and uſt:ig ( as is exprefled in the fundamental 
Axiom )the lines or the middle parts,and the tangents ot the extreams 
adjacent, or the lincs compl. ot the oppolite extrcams, you may ob- 
ſerve, that 
T be widd't part in the fi-ſt triangle with the exiream in the ſecond + 1 

equal tothe mii pct tn the [econd, with the extreams in the ff? 

And by h-lp 0! ti, conſet iry might theſe eight Caſes be reſolved, 
which aiſy by the "or /y of 3 Prop. hep, 2. of Plats T rangles, 
may be propoſce as iuliowerh ; in which turm we intend to uſe it, 


Cunfectary I 1. 
As the midat'e part in the fir jt 1riang'e, is in propor tron to the 
midd.” part in Io tea ond : jo bs HC eXtrcanm 1m 1% first, 


fo the extreamin ti; kcond, 
Though 


oo a OP OT Poo TRegaTIAy "OO ne 


— OO — _ - 
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Though the perpendicular be always one of the extreams in either 
triangle ( as is beiore noted) yet We ule not that, but the other ex- 
tram 1n both. : 

\W herefore in any of the fix oblique triangles, ſeeing A Bjand D B, 
are oppolite extreamsto AD, asSE B and D B ate to BD, there- 


TH, 
Uit, 


1. AscABroxc EB; for ADrto ED. 

Ard ſeciny Aand DB are adjacent extreams to AB; as E and 
D B are 40 E B, theretore, 

2. Ass AB,tosEB: ſorc Arorce. 

Aguir, ſecing BD A ard D B, are oppolire extreams to A, as BDE 
ard D B, are unto E, therefore, 

2. as sBDA, to s BDE: ſorc A,torct. 

Laſtly,ſceing A D and D }Þ are adjacent extreamstoBDA : as ED 
and DBareuntoB DE, therefore, 

4. AS:6BDA, roxcBDE: forcAD, torc ED, 

An! thus tor the better underſtanding of this ConlicRary, it may be 
Civided into theſe tour parts, 


1. As ine comp! the firſt baſe,to/ine compl.the ſecond: ſo/ine comp!, 
the tirji ryp3: henuſ a), to fire comp!: the ſecond. 
Ani this lerves for the ; and 7 Cales tollowing. 
2. Ath: [ine of the firſt baſe, tothe ſive of the ſecond: [4 tangent 
comp, the rſt av g.e at ihe baſe, to tangent compl, the ſecond, 


4 


5 a " 
\\ hich ferves tor 4 and 10 Caſes. 
I. Asthe /ine of the firſt angle at the perpendicular, to the ſine of 
rhe ſecor.d - ſ» ine comp'. the firſt angle at the baſe, to ſine complement 
the /.card. 
Which ſcrves for the 5 and y Caſes. 
'F Az ne cop. the firſt ang'e ar the perperdicular, fo /ine comp/'e- 
we: the ſecond : ſo tangent compl. the firjt hyprthenuſal, to tangent 
J 
CC Of 5s 
Ard this ſerves for the 6 ard & Caſes following, 
The wores (7: /f and ſrc-r.d ) we here uſe, to diſtinguiſh the two 
right angled triangles, 
| his Conlectary might have been ctherwiſe demonſtrated , as by 
producing the [ices of the oblique triargle ro Qua:'rants, &c. But l 
have the rather uicd this torm, that fo the deduction thereot from 
the 


d 


14 


there remaines E TEE 
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the firſt fundamenta) Axiom before going might the better appear ; 
and this ground thus Jaid , we come now to the eight Cales thereor 
deperding. 


Caſe 3. Two ſides, and their contained angle given : to fir 
the third ſear. 


Let there be given in the firſt oblique triangle, 


T be Poles elzvation, complement AD, 51 deg. 32 
T be ha.from n90n 7 ho.45 - 44” which in degrees is A 56 26 
The ſuns declination northerly, complement AE, 15 x» 
Ba. 
LP 
S 
FJ 2 


® BR D AE 


And let there be required the Suns height, complement E TD. 
Firſt, by the ſeventh Cale 67 right a! gicd trianglcs, twtrd AL 
ard E B. 


The how from n:0v, A 56 deg. 26' 35s A g$gergety 
[ he Pol:s elevation comp!, AD 51 23 879 $65 
The arcn A} 2 i 1 AB g.0gat;dhs 


B23 
The ſum Gor remarncr of A B ard 
But here from A E -4d.5<'{ Or it to comp], | 
ſubſtraing AB23 4: | weadd AB 22 


+4 
— - 
4 
p— 
*., : 
_ 
” 
(—— 
—_ 
—_ 


[ve wve compli. Þ B 
| r41 tot :;Þ rf 
| 
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Secondly, for E D, by the ſecond ConſeRary, the prop. »n ts, 
As fire compl. the firſt arch found, « A B 566d, 15* £0, a1, - dz:09 


to fine compl.the fecond arch found, 5c E B{-2 Y-38 53 v 7775 
ſo isthe fine of the Poles clevation, 5 ADP 5 Yr5u 32 C 7402 
to the fine of the Suns altitude. «ED go # 323 28 9 7: 98427 
2 Example, 
Let there be given in the fitth triangle, | 
The Suns declination northerly, compl. AD 15 deg. 10 


T be hour from xoon, 3 be. 45' 44”) _ ks 4 
in degrees us the angle. c 

Toe Poles elevation complement AE 38 28 

And let there be required the Suns height, compl, E D. 


Firſt, for A B, and E B. 


The hony from noon, A x56d.26 icA 9.742 6520 
The Sans declination comp!, AD 15 10t AD 10.566g195 
/ be arch AB 6z xF3t AB 10.3095715 

From which ſubſtrating AE 38 35S 

there remains ES as - 28 

Secondiy, for E D, the proportion 1s, 
As fine comp, the firſt arch foundj 5c A B s526d,07' (0,47, ©.3Z567 40% 
to {ins compl.the ſecond arch found, 5« E BF -2 Ns 64 35 9.9; 5786 
1015 fine the Suns declination, « AD aQ-f15 10 9.417683" 
= 

to ine the Suns a!titude, «ED $332 28 9.729822 


Note. Alrhough there be a difference le:ween thr artificial ſine her 
F.+1, and the former , yet the differexce of their arches # lutle mo 
thinonetenth part of a min. which ariſeth, by reglecting the {econ 
aw thirds inthe arch firſt fonnd AB. Fe that deſirer to work to | 
cords, ms do it a4 we have (hewed,Chap. 2. Sect. 8. of Plain Triangles 
\utanth-ſet examples,we wou'd not trowb/e / dt with thems at if 
6, it, it le ng ſ«fficrent for or dir.ary eccaſion?, if the wa? k be tri e i0- 
:3,H00, 

Andatter the form of either of theſe examples, we m.ty calculate Ta 
Les f the Suns ke: oht For every hour ard minute of the day; t 
ebicb, Tables was be made the Quudrants aud Ring-Dials, 
o ber infrumental aud fixed Dyals, that give the hour of the days 
the S4us herght, 


3. Exam" 


%q *J 


The Second Book. 77 


3. Example. 
Let ther- be given in the ſecond oblique triangle, 
Th: ILLE height abtethe horiz.en, cemplement AD 32 (ep. 2 
T be ſuns azimuth D AE, or rather the acute arg, BAD 7: 2.4 
The Poles elevation complemert, AE 51 J2 


Ard let there be required the Suns declin, compl. E D. 


A. 


Firſt, for AB, and E B. 


The Suns az.muth from the South, A 72d. 
The Suns heig ht, complement, AD3;2: 


2445 A 9g 48095355 
23t AD10.196;3704 


— _— — 


The arch AB:5s :5tAB 9.67"'yorg 
Whereto adding HE 38 3d 
The ſum 1s E B63 F315 

Secondly, for E D, the proportion is, 

As hne compl. the hir{t arch tound, AB 54d. 34 £0. #@®,0O ©44:1!0 

to 112 compl.the ſecond arch fund, cc ER 2 YN-26 ! 9.54365" 4 

f 15 the ſine of the Suns herwht, r: ND —_ 'S + 4. 9.72 *1I97 

Y'24 
377 ES t —— 
to the fine of the Suns declination, ic ED $647 16 9.41768: 1 


The ſame might le {ound by the ſame thir 05 pieen in the /ixth tri- 
angle, whe e the pe pendicular falls from the Þo e. 

Ard aſter the form of any of theſe three examp es. there 1.y 4 
third queſtion 3n this triangle, axd (o in any «ther le veſvinel : 

As 3. If is the third or fourth triangle there Le given. 
The Suns declination, the Suns height above the horizon, ant the 116 c 

of the Sms poitics : to find the Pole; eletaiins, 


I. » *% 
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Cale 4. Two ſfdes, and their contained angie given : to find 
one of the other angles, 


Let there be given in the ſecond oblique Triangle, 
7 he S445 height abrve the horizon complement AD, 3: degr. 25 


I þe Poles elevation, complemem ALE, 51 
7 he EET «zimuth D A =, or rather the BA D, -2 wy 
Acne angie 


And let there be required the hour from noon E. 
Firſt for AB, and E B. 
The Sars szimuth from the South, Ar7:d.24'w.A., 9.480538; 


1 he Snns he:g't, complement, AD 32 28; AD 1c.1963 70. 
1khe arch AB:5 25: AB 9g.67690*%g 
The ſum or remainer f ABand AE, is E B. 

But hereurcto AB 25 deg. 25 : 
Adding AE3;9S 28 
The ſum 1s EB 63 F3 
Secondly, tor E, by the ſecond Conſettary, the proportion is, 
As 1h fire o! the tri arch tound, s A B 525 d. 25" co. ar, 0,3673424 
to fh1e the ſecond arch found: $s$ E BY © Yo 63 (2 9.953227, 
ſu tang, compl, the gzin.uth o& ASSYei7 36 9.501358! 
=_ cm—_—_—_— 
ro tan?, compl. the hour "I rt 3} 34 9.831 923; 


Whoſe compl. 55 deg. 26 min. converted uito time, is 3 ho..45' 44 
vetore or after noon, 
As the [ine ef the firſt arch found, 

Ot the pro- ):0 the xe of the ſrcond arch found : 
portion is Y/+ is the tang. of the awimuth from Eaft or eff, 

te the tangent of the hour fromſix., 
Or by the :Q «As the ſine of the [ cond arch found, 
Theorem ©6f Jzs to the [ire of the friſt arch found : 
c<..4.0f plain Yſo 15 the rang. of the az.immh from the meridian, 
Trianvics. QC ro the rarugent of the haur from 1009, 

Note. The like variety may be uſed in the next example, and alſo i: 
the examples ot the 6,.8, and 1 © Caſes, and partly in every Caſe 
which [1131ng here brietly noted, we ſhall leave to your own pra: 
Qice, as your occal10n requizes, 

2 . Example 


— * 


-— - ' "9g 
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2, Example. 
Let there be given in the fifth triangle, 


Th: [&-., declination north erly, complement AD 15 dep. ic 

1 be ho, froms noon 3 he-45 44 "which in 4: egr.s Az6 "= 

r. 28 The Poles elevation, complemert, AE F1 32 
v2 And let there be required the Suns azimuth E, 


84 þ 14 
3 704 
90g D 
-£ B N 


Firft, for AB, and F B. 
T ke ho. from nooz in degr, A +56 deg. 2% :c A 9.742652 


73424 | 
Th 7 he Suns declinat.comt!l. AD15 rot AD 10.5659190 
F8! 4 4 3 , 77 
: The arch AB6z3 53 ce AB 10.309571t5 
923 Or unto AB 6; $3 
F# From which ſubſtracing AEkz33 2 | Adding com. AE x1 30: 
, Wen _ —_— ———— RE YRS —————— 
The remainer 15 EB 2:5 25:Sum 15 E B 25 2; 
Secondly, tor FE. 
A« the fine of the firſt arch towrd, 5s AB 62d, 530. ar, C.04677? 
rc fine the {ecund arch tv! a, F -B N 52 25 9 J26< 56 
{_ 1s tangetit compli, the huts «08 << $3 14 IR 1-OÞ 
TS | = PM SG A AST 
to kancet c __ th. —_ tc | $39 36 Q9.5CL31IC! 
Hhich 1- deg. 36', ts the [uns a%immh from the Exjt or Weſt, and the 
| complement "hr 72 dep. 245 isthe ſuns aims: hb from the [aur 
bs whoſe complement to 150, deg. that 15, 107 deg, 35 118.8 4% 
"] muth from the Prog. 
aſe genes RE LES 
_ Hence might T aules ve framed howinn the ſuns azimmi tir et) 
; howr of the day, and for [tral ſeaſrns of the year, whe e's my t- 


wade the Dials rendving the hour by tre [uns 42mm. 
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By imitation of either of theſe examples, there may ſour oviher que= 
flions in thus triangle, and ſo of any other be reſolved: Ar, 
3 If there were given in the firſt oblique troangle, 
The Poles eltvation, the hour, and the Swns declhuation : to find the 
Suns angle of poſition. . 
4 If there mere given in the third triangle, 
The Sung declination, the Snns angle of poſuion, and the Suns height : to 
fixed the Suns azimuth, ; | 
5 If there were given in the fourth triangle, 
1 he Suns height, the angle of poſuton, and the Suni declination : to find 
the haur from noon. : 
6 If there were given in the ſixth triangle, 
The Pyles elevation, the azimuth, and the Swnz altitude : to find the 
angle of the Snxs poſition. 


Caſe 5, 1wo angles, and the ſide between them given : to 
find the third angle, 
Let there be given in the firlt oblique triangle, 
The Poles elevation, complement : AD xF1 deg. 32* 
T he h1.from noon, 3 ho.45'4:",which in degrees is A 565 26 
1 he Suns azam wth, D 1 07 36 
And let there be required the angle of polition, E, 
Firſt, for the angles BD A and BD F, by the ninth caſe of right an- 
gled triangles. 
T he Poles elevation, c:mpl. AD31d.3:z'zs AD 9g.8937452 
The hour from n09n ns 264 (10.1781197 


The ang/e BDA 4o 17 ec BDA 10.0718649 
The ſum or remainer of B DAandD, is BDE 
But here trom D 107d. 36 
ſubſtracting BDAy4o0 Gr 


remuner 1s BDE 67 19 
Secondly, for the angle E, by the ſecond ConfeRary, 
As the foo oft the firſt angle tound, s BDAY 400, 15 co, ar, 0.189385; 
tothe [inc of the 1rcond ang, fourd, s BDE( © \s47 1g 9.9650371 
to 15 the fine comp, the hours i AFRLY 5223 9.7416520 
"» Gne con pl. the anvle of poſition, ss E $02 6 9.3970750 


IT here 


an 


ute 


ito 


ind 
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Therefor: the angle of politiog E, is 37 deg. 55 min. 

The ſame might be found by the ſame things given in the lixth tri- 
angle, where the perpendicular talls from the Pole, as here from the 
Lenith. 

And after the form of thus examp't, there may two other queſtto»1 
in this triangle, and [oin any other be reſolved. eAs, 

2 If inthe ſecond and fourth tr1ang'e there were given, 
The Suns altitude, the Suns azimuth, and angle of poſition, to fint the 
hour, 
3 1 in the third and fifth triangle there were given, 
T he Suns declination, th: hour and angle of poition: ta find the Swn* 
aumnh, 


Caſe 6. Two angles, and the fade between them eruen . lo 
find one of the other ſtd:'s. 
Let there be given in the firſt oblique triangle, 


T be Poles elevation, comp'ement AD, 514.3: 
Toe ho. from n00n, b h1.4 44 . which i” degrees Is A, T6 2 & 
T bz Swns azimuth from the rorth, the obtuſe angle D. T 7 26 


And let there be required the Suns height, compli, E D. 

Firſt for the angles BD A, and BD &, 
T be poles elevation compl. ADy51id.3:z' « AD 9g.39;3745:* 
T he hour from non in degr. A 56 26 1 A 1o1-$119 


The avg/c BD Ago 1i-:c BDA 1c.6718645 
L bis 
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The ſam or remainer of BD Aand D,is BDE. 

Put here from D 105 deg. 3 
ſubſtrating BDA 40 t7 


The remainer 15, BDE 67 19 


Secondly, for E D, 
As five compl. he fit angle found, s« BDA $49 43"c0.a7, ONI175512 


to finc compli. the 24. angle tound, 5c BDEF -2 Yeu gr 9.5*61794 

{9 13 tangent the Polls cioyation, i AD 5VJ'$S132 19,099913$ 
. . . mY 

tuthe tang. of the Suns a;tituer, i ED ez2 2L 9. 8036501 


Note. By «mi: ation: of th:; example, there may five other queſtions 
in this ob{124e triangle, and |o un any other be reſolved, as 
2 If there were oven un the ſixth triangle, 
The Poles elevatiin, the Suns azimmh, and the hour for noon * to find 
the Suns declination. 
2 If there were given in the ſecond triangle, 
T he ſuns height, the a&imnth, ard the angle of the ſuns p ſition : to find 
the [uns declination. 
4 If there mere given in the fowth triangle, 
T he ſuns altitude, the azimmth, and the angle of the ſuns poſton: to 
find the Poles elevation, 
5 If inth: third triangle there be proen, 
The ſuns declination, the hour, and the argle of the ſur; poſition :to 
fi: dthe o/tire.de of the Po/e. 
6 If tnths fifth triang enhere be prven, 
Fhe | 41s tecit i4tio 2 the hour, «11 the angle of the ſuns potion . to find 
the ſuns 1/titude, 


Calc T- Iwo (1d _ ith an arele oppoſite to one of them £7- 
ven: tc lnd th third fide. 


- 


| et there be piven in the ſecond oblique triangle, 


T ne "14 zi i - 7t 4/ TEC the horizon, complement A D, 32 deg. 2 © 
Fn 14413 s21mnth, nsmely, the acute avgle at A, os 2.4 
The [urs dectunats"n northerly compleme ct & 2-9 10 


Ard let there be required the Poles elevation compl. A E. 
Firft 
b 


ts. } ® WW. 
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Firft, for the arch AB. 


The ſuns azinentt h, A 72 dep. 24'i" A 9g.450539% 
The ſwns height, compl, AD32 2388s AD 10.1963704 
The arch firſt ſound AB 25 25t AB 9.676998%9 


Secondly, for E B, and ſo for AE. 
As the ſine of the Suns height, s« AD $324, 28 co, ar, 0.2501Joz 


to the fine of the Suns dechaat, ««ED( = \s15 106 9.41768;7 
ſo fine compl.the farlt archfound, 5« ABDSQ564 35 9 95 57890 

=_ m— 
to ſine compl, the 2d arch found, «cE B 126 07 9 6436520 


So that the arch E B, is 63 deg. 53 min. 
The ſurn or remainerof ABR ard EB, is AE. 


But here from EB 63 deg. 53' 
ſubſtradting AB 25 25 
The remainieris AE 38 23 the [ide required. 


2 Example. 
L et there be given in the (ixth triangle. 


The. Poles elevation, 7 complemem AD 51 dey, ;z 
The ſuns azimath from the mersliangthe acuwe? A 72 24 
axple at ED 29 10 


And let there be required the Suns height, compl. A E, 
M 
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Firſt, for the arch A B. 


The Sans azimuth, A 7: deg.24 &« A 9g.4805385 
The Poles elevation compl, AD x51 32 t AD g.9000865 
: T he arch firſt found, AB 13 32; t AB g.zo06250C 


Secondly, for E B, andſo for AE. 


As the ſine of the Poles clevation, ss ADY {Fs 51d. 32, (0, ar, 01062 543 


to the finc of the Suns gec.tnation, « E DF S \s15 10 9.4176835 
& fine comp), the trſt arch fourd, 4 A B 4 $76 295 9.9%78163 
to ſine compl.the rand arch found, Fc E B 4 118 57; 9.511754 

$0 that the arch EE is 51 d. 02; 

irom which ſubſtrafting AB 123 39; 

the remainer 15 ARE £9 id 


\Vhoſe compl. 32 d. 25 1s the Suns height required, 
Or it to compl. EB 18d, 57”; 
Vsz:r, You add KS t3 26 
- You have compl. AE 32 28 the Surs heightrequired, 
I frox't digreſs too much, if T auld few oll the uſes whereunto the 
5 1:fftions falling out in this one triangle might be tpp'yet : [ome of the 
7..cipal I thewght g'oito print at, that 1 might g:ue ace i/ion of exer= 
ce, eſpecially intheſe later Caſes, bring ſomething harder than the 
ho 


/ - . . .* . 
eff 75 67 dep. SC m A from the Aer dias. Here working ascordiny 


.:i the Sunto be 35 dig. 3; min. high, and thin i the Sun Ext 


g * /F ' ' . . 
* aiffer, lai, bow much the: ergire if, ſo muCO 757 Varentuen, 
4 wr . 4 . #4 : NN ? 1 F 4 
' wich whether it bs Eſter 's, ir 3 Gert, may be known by the Rule be- 
. E if » Fa, , = . . 
oe even alter they Caic tft 1. 1h Dipter of right angel ſphe- 


dari angles By 


be 


the 


er 


the 
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By this propoſition alſo are the azimuths drawn on thoſe quadrants 
chat gives the Suns azimuth by his altitude, and ſo on thule Dyals 
thac do the like. 


And after the forms of eicher of theſe examples. there my wr ot ker 
nueſirar 5 in the: oblique tri ar 1 e and [21 In Ax) 0: her be reſo! uvea. Ar, 
3 If there were o. ven in the firſt oblique triangle, 
The Þ: les elew. ion, the bour from Noon, and the Suns height : ts find 
the Suns declination, 
4 If there were given 11 the third triangle, 
T he Stuns declirationthe Suns angle of pyſition, ard the pales elevation : 
fo find the Suns height. 
5 If wn the fourth ——_ thre were g:ven, 
The ſuns & eight, the avgle of the [mus poſition, and the Poles ect tie 
on. fo find the [ſuns declination. 
6s if inthe fifth triangle there were green, 
T he [uns deciinanen, the h\ur from Nov, and the ſuns heroht abie; 
the Hurizas : to find the Poles elevation, 


119 HER bl with an anne 
ven :; lo find th, Cont 111% « any. 


Let there be given in the firſt oblique triangle, 


The Poles eevanon, comp'. AD, 51 der. ;% 
T he ho. from G9: 7 boe4 5'- 44", wh 2ch 11 deg. 75 A, F9 26 
The Sung a/:t:ude avgve ihe Horizon, compl. 6 I, 2 2Y 

M 2 Ard 
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And |ct there be required the Suns azimuth from the North D. 
Firſt, for the angle B D A. 
The Poles eltvaticompl, AD F51d.32'is AD 9.937459 
7 be hyur from noon, A 56 26 8 A 101781197 


The firfl angle found BDA 40 17 tcBDA 10.071864z 
Secondly, for B D E the proportion is, 


C0, ar, or 
As tang. of the Poles elevation, tic AD t51 d. 32'2t AD g.900086; 
totang, of the Suns altitude, ic ED = ez32 28 9.5036196 
ſo line com, the firſt angle found, 56 BDAP 32 Yr 49 43 9.33:4428 
| = [12 ei ddait 


te finc compl, the ſecond, s« BDE $22 Al 9.536158, 

T he ſum or remainer of the firſt and ſecond angles faund,namely 

of BDA and BDE, # the angle required D. 
But hereto BDA 4od. 17' 
adding BDE 67 19 
The ſumme is D 107 36 the Suns azimuth required, 

2 Example. 
Let there be given inthe lixth triangle, 
The poles elevation complement AD 519.32 
The ſuns azimuth, from the meridaan,the acute angle A T2 2: 
The ſuns declination, compl, ED 15 1: 
And let there be required the hour from goon D. 
Firſt, for the angle BD A. 

The poles elevation compl. AD 51d. 33 56A D 9.893745: 
The ſuns azimuth, A 72 24 t A 10.498641n: 


T he firf angle found, BDA 22 oy tc BDA 10.392 386. 
Secondly, for BDE the proportion 15, 
d, 


" Co, ar. or 
As tang. of the Poles elevation, © AD r4 mY tAD 9.500086 
k' rang, of the ſuns declination, tc E Df = \e 15-10 9.433o05c 
iv hne com of the fift ang, Found is BDA K:; $5 67-57 9.96701: 
= _— 
ro {inc compi.the fecond. «oe BDE Sr i-t3 9:300179 
50 thet BDEis 78d. 29| Oritunto BD A22-03. Yo 


trom which take BDA 22 ©o3!laddc: BDE 11-31. Thefur 
. The remainer is D 56 26,1560 D 3-34. the ho. from 
Which 56 deg. 26' converted into time, is 3 ho. 45-44", tror 
roon, that is, 14 16" atter eight of the clock in the atiesn00n, ( 
45-44" aticr 3 of the clock in the atternoon, Ab. 


D. 


37459 
$1197 


536158: 
namely 


[ he {ur 
from « 
', trof 
00N, C 

Af 
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And thus 1n any place, for any day, you may frame a Table of the 
hour and minute of the Suns polition upsn every point of the Com- 
pals : whereby you ſhall manite{Uy ſee the error of the common rule, 
of bringing two and thirty to four and twenty. 

By imitation of either of theſe examples, there may four «ther que- 
Pions in thus triangle, and ſo of any other be reſolved, Ar, 

3 If #n the ſecond oblique triangle there were given, 
The altitude of the Sun, the azimuth, and the Sun declination : to find 
the angle of the Smns poſition. 
4 If in the third triangle there were given, 
The Suns declination, the angle of poſition, and the Poles elcvation : to 
find the bour. 
5 If mn the fourth triangle there were g:ver, 
The Sans altitude, the angle of poſition, and the Palrs elevation : ti find 
the Suns azimuth. 
6 If in the fifth triangle there be given) 
The Sun: declination, the hour, and the altitude of the Sun above the 
Horizon : to find the angle of poſition. 


AN 


Caſe bo 1wo argle s, and a ſede ot poſite to un of the mean: 
to find the third ang/.. 


The Sung height abyve the Horizon, complement, AD3:4:8$ 
T he Suns 1z%.ima:h from the merid;arthe acnre angle M72 3< 
T be hour from 1:93n, * ho 45'-44', which in degr. ts &' 56 26 


And let there be required the argle ot politien, D. 
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Firſt, for the angle BD A. 
The (nr.s aluutude comp), AD, 32 d, 25 5c AD 9g.7298197 


The ſuns ag muth, A 72 *4 5 A 1044906412 
The aro: firſt found, BDA, 3o 35 tcRDA 10.2284609 


Secondly tor B D E, the proportion 15, 


As compl, the azuwuth, ic A 517 d,36'0, ar, 05194615 
to {inc co mp!, the hour trom noon, = -: 133 34 9,7426520 
ſo the ſins of the firſt angle found, ;s BD ApS Ir3o 35 9,904 5294 

— | 96 ly $64 ons 
ro the fhne of the ſccond, sB DE 563 30 9,065 6529 


The ſum or remainer ot the firſt and ſecond angie found BD A and 
BDE, is che angle D required, 
But in this example, trom BDE 68d. 3-' 
lubitracting BDA39 35 
The remaineris D 37 <5 theangle of poſitionre- 
(quired, 
eAtter the form of thus example, there ma" |;2 other queſtions in 
*115 Jul nur tr1. ing e , and ſ11 in any ther be reſy! Ted, 
2 it im the fr/t ob(1que triangle thre le given, 
IT he Poles elevainor, the hour (rom noon, and the angle if the ſuns f6- 
101g to {: > "x FU aumuth, 
3 if there were o:ven im the third trrang le, 
The ſuns d:c "ination, 1.g'/e of privtzon, andthe ſuns azimuth: to find 
the homr from nosn, 
4 if there were given in the forth triangle, 
I he ſuns 4:8 47t, the a” 2 ole of p:/6t10n, and the hyu from 9038 09 find 
the ſuns aT! mit " 
c if +: the, "1h rriargle the re be gore! 
7 he Suns declination, the hour from n1on,and he | ſuns azimuth : !3 (194 
the arr? At 5" ſuns pore $6130, 
e wrre given inthe ix h tin 
I be Poles -levitign, the ſari agimuh, aid th 


6 g! ' Ct 


6b (7 ot the [uns P y—_ 
ta 1:1 the h:ur (rim wor 


Calo 
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Cale 19. Two argler, and a fide oppoſite to one of them 


Q7 « 
w. civen : to find ike fide between then. 
09 Let there be given in the ſecond oblique triangle. 
T he ſuns height above th: heriz 51 complement AD 3: deg. : 
The ſuns azimuth [rom the merida, the acnte angl, A 72 2 4 
15 The ho, from n11n 7 ho. 45'-44", which in degr. ts E 56 2 6 
$20 And let there be required the Poles elevation compl. A EF. 
294 
$29 


E..B 


t& 
I 


5 A. 


Firſt, for t 
»d The ſuns height ,c:mp/ement, AD 52 deg, 2&:r AD 1c.1963704 


The ſuns azimuth. A752 234: A g.qgto$3by 
The arch firſt four, AB:s :5t AB 9g.676g03g 
4 : wo” mnAlws & T. i 
9" ICLO OY, tor | - 
d $0. ar, Or 
#.s tang, compl, the Suns :2imutn, nu A \:17-36 21 A Ic.49%%41: 
, To tang, compli. the hour, ic Ef 5 33-34 g $21$533 
the fine «f the firit arch tourd, AB = 2<-25 9.6;26<76 
the [1 ie Of 1a. 2d. 21 ht touud, L B, | PF i 7 GC 953! 79! 
G- I he fur or remainer 0: 2/34 firſt and tecond arch tournd CAB and 
7-3) 15 the (ide requires. AE, 
But here trom F 8 6, Gp, 5: 
ſubtracting AH -Y + 
I he renianicr 15 /\ | 'Y 
. - | ' x R La Z _— I 
O \\ haci Is the eompienient :; NE TYoire eg requiied © ij Ct, 


o By 


ry 


90 Trigonometrie, 


By imitation of this example, there may frue other queſtion in thx 
6.liqne troangle, and ſo of any other be reſolved* At, 
2 If in the firſt obl:que triangle there were given, 
The Poles elevation, the bour from noon, and the angle of the ſuns pa- 
ſition: to find the Suns declination. 
3 If in the third triangle there were grven, 
The ſuns declination, the angie of poſition, and the azimmbh : to find 
the ſnns height above the horizon, 
T he ſuns altitude, the angle of poſition, and the hour from noon : to find 
the [uns declination, 
5 If there were gives in the fifth triangle, 
T he ſuns declination, the har from noon, and the Suns azimmth : to find 
the Poles elevation. 
6 If there were given in the ſixth trianple, 
The Poles elevation, the | 2 azimmbh , and the angle of paſition : to 
find the ſuns altitude above the boriton, 

And thus it is evident how in this oblique triangle, and (o in any 0- 
ther, there may be framed 5 4 queſtions ot the Sphere ; there are alſa 
lix more, which we (hall rouch hereafter , but theſe 5 4 are reduced as 
we have ſlicwed to ten Caſes, and thoſe ten Caſes to two Conſea- 
ries, which two conſcRaries are deduced from the firſt fundamental 
Axiom , ſo that the reſolution of all the Caſes and Queſtions hithes- 
to handled, whether in right or oblique angled ſpherical triangles, de- 
pend upon that one Axiom, and may be thereunto reduced. There 
remains (as is ſaid) fix other queſtions in this oblique _ (and 
the like in any other) which are reduced to two Cales, namely,when 
three {ides are given, to find an angle ; or three angles given, to hind 4 
lide. And theſe alſo might well be reſolved by the grounds betore laid, 
without adding any more, but becauſe the wayes deviſed by the Lord 
Nepair are mote apt for this purpoſe, we will make uſe of them. 

And as we have ſhewed the reſolution of the $ Caſes laſt before- 
going, by help of a perpendicular ; the ſame might have been done 
by drawing inſtead ot the perpendicular, a quadrantal {ide : ſo redu- 
cing the triangle given to two quadraiital triangles. But this we muſt 
now leave to your practice, 


CHAP, 


The Sccond Book, y 


CHAP. VI. 


7 he eight laſt Caſes of an cblique triangle, roſolcid ly find cn 
the perpendicular, 


Li 
LS Ko 


tle reſv.ution of thele exght Caſes, hath uſually | 
rations , though (a5 we have ſhewed) they may be lore at 1196 

\er becauſe the way alt three of Erations 15 more ali! V* Ul derfion 
t>5 more immediately per formed by the Grit general Axici IKE 
reſpect ro the ſecord Coniccary ; and becauſe in mary Guiftions yo; 
have occation to know the quartity of the pery endicu!. r: thereto: c 
we (l;all here thevy the —— ot thele eight Cafes ar _ 0 (7er. 
tions, brictly ard plainly , to the fatista6tion ( I hupe ) of (fuck 
_ ot obſc urity in be former. 

Firft, then the oblique triangle is to be reſolved into tiyo right ar 
pled triangles by a perpendicular (as betore) namc.y, that where: 
In every kr t theſe eight Caſes there is given 2n angie, at 4 itde as j 4 


| « n 
di TIIFCE qQ C 


cent to that angle, you are t9 


1. Let fall the lait perpendicu(ar from the 1 
given, oppoſite to that angie, 


And turther, when that ſufticeth ror, 
2. Let it fall alſo oppoſute tot ne angle requil 


11 t. 


fourth Cale. Jor opp ohte to the ſide ve. RO as 11 tih6 xt.» 


Accounting (as betore) the lides and an 
adjacent to be of polite. 


And for helping your memory, you may {as 1» 107214 
Caſe of Spherical ! r:a-gles) Mm ark the lives or an: Ne gING! 
daſh thus”, and that req uired with an ©, or Cyrhc! or | 


pricks thus ' 


And here we might mark the eriangies with the ſame 


nameiy,that whereas there is alwayes( a5 | have wy) 


a tide adjacent to that angle,you May mark the {a'd tv 


ard the adjacent tide given with ; D, and the 1 11 ' 
and the pe rpendicular with DB, but becauſe there 16 1 
man ſhould hold himielt always to that torm (as I k: 


we will here mark the {ame triangie with other lewis 


[1 
+ 


LL #* a + 


of 51 


its , 


02 Trigonometrie. 

with F G H, then the perpendicular falling from G, or 7, or #7 (as 
the Propoſition in hand (hall require) reſolves tt into two right angled 
trianzles , in one of which there is given the hypother.ufal and angle 
at the baſe, whereby you may find firſt the perpendicular ; ſecondly, 
lie baſe or angle of the perpendicular : Or you inay firſt tind the bale 


2; 2ngle xt the perpendicular ; ſecondly, the perpendicular, 


G a & B 


£ B HF HY Þ 


The firſt fundamental! Axiom we will here again repeat , being as 
followeth - 


Of the fave Circular jiarts 21 4) 'oht ane d ſpherical triangle, 


{he fine of a midd'e part, with Radins, is equalto the tangent 
of the adjacent cxtreame, vr to the (ines complement of the 
oppoſite extredm:., 


Here wc clove theſe eight Cats 1n manner rol ownrig, 


Cate 3. Tws ſtarr, and ahcir contaired angie being given : 

to find the third jtde. 

Dat. GH :8d.:28 FM749. cc', ti556.26, required F GC, 

Here t the fit triangle, from G the end of the tide CH given be- 
ing adjacent to angle given HH, I let tall che perpendicular G B op- 
polite to that angle : and fo we have two right angled triangles, GBH, 
ardGBEF, 2nd inth? fhirt there 15 given the hypothenuſal 11 G, and 
the angie at the baſe H, by which to tind the perpendicular GB, I ſay 
by this Axiom. 

; GB+Rad 5G H-|-sH, theretore from s CG H-+:5 H ſubiltra- 
Erting Radius, the remainer 1s :GB , or toavoid ſubſtrattion, ad un- 


tos GH+ 5H the complement arithmetical, which tor Radius 
(5 


The Second Book, 92 


1s 00) leaving out Rad. or bhe firſt unite in the ſum, and ſo the work 


is as fo)loweth: = 
GH 38 deg. 28' 9.7938317 Secondly, for the baſe BH, ſay 


"22x--F6 26 9g.9207717 56 H-Rad 1c GH—+ 

GB 3t 13 A2x9.7146034 t Blt ard ſo tlic operation 

ſtands thus as beneath. 

eGH 33 38 G.g020065 The ſum or remainer of B !! 

icH 55 26 0.742652 and F His FB, 

:BH2; A3 9.64:7385 But ere irom F /7 7.4 dep. 5% 
ſubtracting # H : ; 4} 
there remains F B 51 * 


Thirdly, for the live required F G,having G 5 and # B. Say ;- £G 
-+Rad.—:ic © B+s5 F b, and lo the operation ftard, thu, 
GB ;1 dev. 13 icGB dre 
FB5:t o7 icFB 2977775 


— — —— - _ 


FG 55 32 JoFG g.72y0521 
wW hich 57, 32,15 the fide F G required. 

And as in this brſt example, the perpendicular was .Ct tail tzom tie 
anple at G, ſo it might in this Caſe have been lct tall trom the angle at 
EC, as1n the ſecond triangle, and in this ſecond Exatmplc. 

"Dat. FH 7.4 deg. 5&, H56d.26, Gll;528, required (3. 
F-rſt, for the perpend. F Blay, :F B-4 Rad; & Hows H. 
Secondly, tor the baſe, & H lay, ic H- | Rad.-=:ic FE BH, 

Ard B H—G H=BG. 
[hirdiy, for the (ide required FG lay, ic F C-j-Rad. — 1c FB- Py -1c BG, 
The Operations Ire as iollu\ycth, 
IL FH 74d.5-'sFHg.g8462331.FHT4,cc:FHL2 56691g5 
Hsg6 265 Hy.9: 2c7>17 2 <6-x£50 H 9 >4:6429 


FBS; : sFB 9.9053750 BH 6: 52 t BH 16.3c97510 
wm +17 2523 


SO&:24.27% 
FS $36 ;:'c FR 9.-740459 
BG 23 - 3 Wu 7 = l: Go C95 F20OYWIs 


Fo 57 3: 5 FO y.7298349 
Which 3; ; 2'15the t1de required as betore. 
N 2 7 6.rd 


SIPS we C 
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94 
Third Example. 
Da. FG 57d. 32'\, GH 38 d.28'; G, orrather the acute angle 
BGF 2:0. 24' required F H. | 

The perpendicular may fall from F or H, but here we tet it fal. 
rom F 35 1n the ſecond triangle. | 

T hen for the perpendicular F B, ſay, F B+Rad—r F G+1G, 

Secondly, for the baſe BG, ſay, 5 G+Rad—rc F Gs BG. 

Third. y, tor the {ide required F H, {ay, 5c FH-t-Rad:=sc B F-+- 
i -15 Ho 

The operations are as tolloweth. 

+FG 9g,9:619:1 £ FG 1c.1963704 ic BF 9g.7740459 
8 5 G 9.4805355 5c BH g.64365cgy 


Sz 0.0791 =0 


— Sth _ _-— — _—_——— - ————— 


FB 9.905 2699 tBG 9.67695389 5c FH 9.4176963 


ER! coig. :+ BG 25d. 25' F H 74 degrees, 50 
CH 28 328 min. the ſide re- 
BI163 $3 quired, 


n tins, 27d the other Caſes following, having by the hrſt operation 
-.7d the perpendicular, you may uſe it in the ſecond operation as one 
te wo things giver, which we ſhall not need to exemplihe. 


Caſe 4. Two Fdvs, and ther? contained angle given ; to find 

TY of the ether ang'es, 

Pa. FG 554d. 32),GH 386.28), G1ozd. 36, or G acute 
72 d. 24 required the angle H1. 

In this Cafe the perpendicular falls only from F ( as in the ſecond 
triangle) and ſo is oppolite to the angle given G, and to the angle re- 
quired 11, 


Firſt, 


d 


The ſecond Book, 25 
Firſt, then for the perpend. F B, ſay, 5s F B--Rad= 5FC-}-(. 
Secondly , tor the baſe BG, ſay, © G-ERad= rick Ur BG, 
The ſum or remainer of B G 3nd G H, is BH. 
Thirdly , for the angle required H, fay ; B 1H-i- Rad = te FB -+ 
te H. 
And according!y we order the operations as tollowcth. 
LEG 57d. 32's FC 9.9261901 1], FG57432'r FC 11963794 
G3 245 G 9.9792798 G 73 2416 GC y.4*05;%5 
FB 5; 325FBy.goz;z6gg BG 25 25 t BY g.6176g089 
+GH 38 28 
KH B23 Ty 
2 tc FB y.8685804 
3; 5s BH 9.9532298 


5 
Hs6 26 rc H 9.S$219082, which 56 deg. 26 min. 18 
the angie required, 
Second Example. 

Dat Fli74d. 5o',GH538$9. 25, ti56 d. 26), required G, here 
in the ſecond triangle as betore. 

Firſt, for the perpendicular, F B, fay, s F R+Rad== 5 F Has 1H. 

Secondly , tor thebaſe, BH, ſay, 55 HoRad=trc FH + 7 BH, 

And B H-GH=—BG. 

Thirdly, for the angle required G, ſay, s B, | Rad 2 1B! 

tc QC. 


Ard accordingly the opcrations are a5 tollow. 


I. s F H 9.9846037 Il. ec FH 10.5669156 
s MH $.g9:0-717 i MH 9.-4:6520 
s FRB 9g.y925;7>50 e BH ne.zcgo716 

Sois FB 55 dep. 32 BH6:s; 


—GH3»:8 
ll ic FB &.84862-4 


[ B CG 9.026556 
5 0v.c013:28%9z 
S0& G72d.:4,o0r Gobiuſe 17 0, 34 the arvle required, 


Cafe 


viegiven F7, 
f +0") Why Then, 


9.) TrigMnaometrie, 


Cale I» 1v0 anvis, ar: tt " 


ſide between them gaven : to find 
the third "_ 


T 
Datti. 55 ,Grerd, 36, GH 584. 28%, requiredthe angle Fo _ 
in this ca.o 12 qo» tet ay iall from Gor Ih, as here tremG, * 

Firlt rien tor the perpend. G B, ſay, «sG B-bRad-=s Gl +: H, . 
Seconuly , for the angles at2 þ PP" 
the Nerpe d. BG H and 3GE oy lay ic CGH |-Rad -=tc HI | tc BOH 
| he (um or remaircr of Gand G BH, is BGE, 
Third. v, forthe angle required F, ſay 5c Ft Radzzs BUF +5cBG. 
* he operations are 2s tolloweth, 
. I 
» 
bs - GB 
So Ky . ls pe 9 
. 3 n Y 
H F WC 
L:GH38d. 2d 9.793%;zt79 Il. Hg6d.26 1e.1781197 
s H56 26 9.9307717 5s GH38 28 9.8937452 
sGBj1 13 9.7146034 trcBGH4o 17 10.0718649 - 
from G 107 36 
leaves BGF 67 19 
W.s BGF 67 19 9.9650371 
ie $& 31 23 9 9322745 1 
1 59-70 oo Spxere* ; 
Which 37d. 55' is the ang]: at F required | 


Caſe 5. wo angles , and '2J2 ſo-ce vetwcen them groen #0 


find One of tho Ot; cr lt a j, 


Dat. GH Sd. 2, H<64. 26,0 107 d. 36 required FG, 

Let fall the perp«nd ub from G as 1n the firſt triar-gle z for (0 1: 
*alls from the end of the tide given G H, oppolite t9 its adjacent al;- 
and aiſo oppdlite to the ide reqred F G, a5 in this Calc 


Firlt, 


C2 


t9 


— 
oz 


The Second Kook, 99 
Firſt, tor the perpend, G Þ, fay, s G B+Rad. =: H-4-; GH, 
Secondly, tor the angle at the perpend. BGH, ſay, ic GH + Rid= 
:c Ho BGH, the ſum or remainer of G, and BG lis BG | 
Thirdly, for the (ide required F G, ſay, i 5G F-+Rad =t 8G + 
ic F QC 
The operations are a5 folioweth, 
I s H. 56d.26' 9.9207717 Il. eH ;6d.26 1.1781 197 
:GH;8 2:8 9g.7938317 CH 23 9.893745" 


:GB 31 1; 9.-046034 tcBUlizq> 17 10.0718649 
mom G' 1079 36 
reſts BG 679 15 
WG 31 3 e.2175135 
ie BGF 67 19 9.5861>95 


FS 7 : 643% 
Which 57> deg. 3 


2? 9.,80:Q09;1 
2 15 the tide reGuired. 


Caſc - oy hrd-s 5, ith an angle 0; Po, ſte toone of them 
given to find the third (eds. 


Dat. FC, ; \Flir.adc.cc,, FGH 1c7d. 36', or its com- 
piement 29 18e ftak 22 d.24 _ ured C 11; here letting tall the 
perpendicular trom &, as ur the Iccond triangle. 

Firſt, tor the perperdicular EB,lay,s E B-j-Rad--s FG -j-5F CR, 

Secondly, tor the baſe, G Z, {lay 56 FG Bad =tc FG i rt BY, 

Thirdly, tor the baſe EH. fav, i« F Fl-i-Rad 3c F B +:cBIT. 
The jum vr remaiicr ot 8,7 and His © H, the lic: erequ arcd, 

Lhe operations are th cſe. 


IL. sFG 57d.3: j./264gor Nee 6G Frd, :2 19.1g6370.4 
$FGB 72: <4 9.97 917 0 5c FUSES >: "4 0.4Sor285% 
iFB 53 32 9.995 t BU 235 25 y.67690809 
0 CO eo FB c;63: C323 9541 

KH 74 yÞ'- war? 696 


KEN 63 7: 6.646404 
— BO: 35 
reſt GH 35 28, whtichis the f:de required 


£ZN'd 


on Trig 1n2metrie, 


Cale 5 ras 4; a1 1+ ſtde between them gaven : to find 


!N, d F fl 
t/ 4 41 ang!: 


DatH.554\.25, 1e7d. 36, GH 38 &.28', requiredthe angle F, 
in this ca.2 7/1. - perpendicular n ay iall = G or H, as here frem G, 
Fi: Ah n tor the perpene. GB, ſay, :G B-Rad=s GH+; H, 
Nt n 
Ez I F = _ 9+ - lay 5c G H4-Rad =trc H-{-tc BGH 
The ſom or remairer of Gand G BH, is BGE, 
Third. v, forthe angle required F, ſay 5c Ft Radzs BGF +5cBG. 
*he operations are as tolloweth, 


WW GG? 
Groves” TD 


LW 


HF H F 


L:GH38$d.2y 9.793%;t79 Il.: Hyg6d.26 16.1781197 
s H56 26 9.9307717 is GH38 28 9.8937452 


sGB31 1; 9.7146034 tcBGH4o 17 10.0718649 
from G 107 36 
leaves BGF 67 19 
tl.s BGF 67 19 9.9650371 
ic BG Te--33 9 9329” 45 


— ——_ 


5 Þ 37 '55 9.32>1117 

Which 37d. 55' is the angl- at nIpt: 

Caſe 6. 'iwo angles, and 192 file vetween them given © 70 
find ONE of the ot; cr Pf j, ; 
Da.GH3S$d.:2> 69.26, 107 d. 36' required F C, 
Let fall the perp. nd ieulas "wok Gas1ntne firſt tr:ari2le ; for (01; 

talls from the end of the tide given G H, oppolite t9 its adjacent ar;- 


plegiven 7, and aiſo oppoſite to the fide requred F G, a3 in this Calc 
it o0:2he to 45, Then, 


Furlt, 


The Second Book, G7 
Firſt, for the perpend, GB, ſay, s G B+Rad. =; H-4=; G HH, 
Secondly, tor the angle at the perpend. BGH, ſay, ic GH + Rad= 
tc H4-:c BGH, the ſum or remainer of G, and BGlits BG | 
Thirdly, for the {ide required F G, ſay, i© 3G F+ Rad =e BG-+ 
ic FC 
The operations are as foliowerh, 
I s H. 56d. 26' 9.9207717 Il. ec H ;6d. 26 1.1781 19- 
UGH 33 38 9g.7033317 mMGH3s 3t 9. 393745 


:GB 31 1; 9.7046034 teBUliy> 17 10.0718649 
tromG 10> +} 
reſts BG 67 1 
Hu, ce BG 31 13 1c. 2175135 
i6 BGF 67 19 9.561795 
tcFG 57 of 9.80:2C9;1 
Which 5 > deg. 32 15 the t1de required. 


6 
, 


Caſe >. Two ſids, with an angle oppoſite toone of them 
given to find the thir.! I Gar. 


Dat. FC 5756. :2,Flirad. cc, FGH 1c79. 36; or its com- 
plement t9 1$e degrees >2 «. 24 required G1: here letting tall the 
perpendicular trom &, a in the {ccond triangle. 

Firſt, tor the perperdicuiar F B, lay, s f B-}-Rad--s FG -jiF CP, 

Secondly, tor the baſe, G Z, oy *c FG 8-FRad =tic FG it BG. 

Thirdly, tor the baſe 8 H. : F H-i-Rad—:ic F B +x5cBHT. 
The ſum vr remairier ot 8,7 ar T fp Hi: C #H, the l16* required 

The opcrations are t! heſe. 


lLiFG 57 C. 32 yog26gxgo) WIC yoo 73 12.19637C.1 
$tCB 72 %& 9-9 917 ., ic FUSE >; " A 9.480528$S5 


iFB j3 43282 9.99) te BG 25 25 9.H76g059 
Hu. Co er AFB 53G: pane fe 
& FH 74 95. S608 


» , 
DF . 


EH 6; 7: 6.64 :6404 
—— BG: 5 27 
reſt GH 35 28, wtichis the f:de required 


Oo 


Trigonometric. 
Seiond Example. 

In the third triangle : 

Du.G H380d.28', f 744d. 59%, G or rather BG I 72 9, 

24 required F G, 

Firlt, tor the perpendicular B H, ſay, 5 B H-|-Rad=s G H-+ 

5 BG H, 

Secondly, forthe baſe Þ G lay,sc B G H+-Rad=1ic G H-|-t GB 

Thirdly, tor the baie Z F, lay, js F H+Rad—5c bB H4+ 47 BE, 

And here from B #, ſubſtraSting B G, there remains F G required, 
The operations. 

I.: GH $34.38' 9.-93$317 Ile G H 3$9, 2t' 9.g000965 
sbGH1 72 24 99791795 ic BGH >2 24 9.4805385 
$B H 36 22 g.-7;02L15. 8 BG 13 30z39-30062:50 

HI. Co.ar.icB H  0.29940753 

TY: 9.4176963 


WH 


_— ——_ RO —— 


22 
FO 


ec BF 7x org g.51 19716 
3 Me 


2 A . ' 
ret *G 57 32, Which is the lide required, 


Caſe 2. Two ſides, with an anele oppoſite to one of then ci 
Ven © to fr: ther contained anele, 


Dat. GF 57d. 32\,GH 38 d.28', H56d. +6 required (+, 

Let fa'l the perpendicular from G as 1n the fir{t triargle, 

Eirſt, tor the perpendicular G B, fav. s GB-FRad—s GH-+: I, 

Secondly, tor the angle B CH, ſay, «c & HrRad =7e H + 

ic BGH. 

Thirdly, for the 2ngle B GE,fay «« BGF+ Rad —tr Bu-ree Gt, 

The ſum or remainer of B H and BGF 15 the angle at © jg 
IC, 


TI 


ic 


Il 


— * 


The Second Booh. 3 


[he operations are 25 followeth, 
.;GH38d. 28'9.2938317 Ile H56d.:6'10.1781195 
s Hs6 26 9.9207717 ic GH;8 28 5.893755: 


CO @ CO — —— _—— -—- - 


:GB 31 13 9.7146034 tcBGHyzo 17.10.07186,, 
Jil, « BG ;1d. 13 9.782406; 
ww oY $7 32 9.8036299 


1c BF 67 19. 9.561160 
+ BGH 40 I'7 
G 107 26, Which 6 the angle required. 
2 Exa-- pe, in the third triangle, 

Dat. F H74d.5-,6 I 38d. 2+, the acute angle at G >2 © 
24, required the angle at H, thatis, F HO, 

Firſt, tor the perrerd B H,fay, s B Hi+-Rad—s BG H—+1; GH, 

Secondiy, tor the angie B H G, lay, 55s G Hi Rad=tc LGH.|.. 
icBHG, 

Thirdly, for the angle 8HF,Gy, is BHF+Rad—: BH+tc FH 

lhe operations tollow. 

I. s BGEK 72 d.24' 9.9791798 I's BUH72d.24 10.4986. 5 

b TH3S 2 5 9.7939317 ic GH ;> 2 d 9.59937452 


— — 
— - 


s BH 36 22 9.773115 tcBHG 22 03110.3923865 
Ill.s BH36d 22 9.8670937 
te F Hog 5o 9g.4330804 


ic BHF 785 29; $.3091741 
—BHG 22 ©: 
reſt UHF55 26, the angle required, 


Caſc 9. Two avgles and a ſide offoſite to one cf them iT © 
to find the third angle. 


Dar. FG 57 d. 32', Gacute >: d. 24, Hes d, 26, required Þþ. 
[ et fall the perpend. from F, as in the ſecond triangle, 
Firſt, tor the perpend. F B,fay,s F B+Rad— + F GC: ECP. 
Secondly, tor the angle B F Cfay,ic FO-|-Rad—:tc Gre Bt GG. 
I hirdly, tor the angle B F Hfay,sc Hb Rad—5c F B+1 BE H. 
The ſum or remainer of BF GandBFH. is Gþ 1 rwGured, 
O I he 
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The operations. 
IL sFG 57d. 32' 9.9261901 Il. G 73d.:24 10.49064!; 
s G 7:2 234 99791798 ie FG 57. 33 9.729197 


— - — — -—-— 


s5FB 53; 32 g.9053699 tcBFG;o 3y 102284910 
HI. {o. ar, 5c. FB534.32' c.2259541 


ic. H56 26 9.7426520 
s BFH 68 29 9g.9686061 
—bFg 3oe 35 
GFH ;7 54, theangleat F required. 
Bn 
LEAN FAN 
EF H F 


Caſe 10. Two angler,and a ſide oppoſite to one of them given : 
to find the fide between them. 


Dat. H 569. 26', G acute 72d. 24', f G 5-9. 32', required G H, 
Here the perpendicular muſt fall from F, as in the ſecond triangle. 
Firſt, for the perpend. F #, ſay, s F B-Rad=s F G+ 5G. 
Secondly, tor the baſe B G, ſay, 55 G+Rad—=tc F G+1BG, 
Thirdly, for the baſe B H,ſfay, s B H+ Rad=1t F B+ te H. 

The ſum or remainer of B G and B H,isG H. 
The operation 

L,:sFG57d.32' g.9261901 II.cFG 57d.32' 10.19653704 

s G72 24 9.9791798 is G7: :4 9.4805385 


sFB53 32 99053699 tBG2z5 25 9.6769039 
HWIzFB 53d. 32" 10.131 3196 
ic H 56 26 9g.$218803 


5 BH 63 53 9.9532999 
=. CET WS T7: . 
'; H:8 28, thelide required. And 
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And this may ſuffice touching theſe eight Caſes of an vbliqne (pbe- 
rical triangle, there remain two other Caſes, namely, when the three 
lides are given to find an angle, or thet hree angles to hd a bide. The 
trſt of which is of trequent uſe, and therefore ( thoughin the former 
Editions of this Book ) we have ſhewed the reſolutions thereof three 
ſeveral wayes, as may appear in the Chapter tollowing , yet I conceive 
i: vill not be ſupert{uous,to give here an Example or two more in that 
third way of application : which as it is eakly wrought arithmctically, 
ſo it 15 the apteſt tor inſtrumental operations, whether you ule Mr, 
Gunter's Logarithmical Ruler, or Mr. #»gares, or any other right !i- 
ned, or other circular, or ſerpentine projection of the Logarithms, or 
the Sedtrr, &c. 


Caſe 11, Three ſides of art oblique triznele given - to f.nd 
ay angie, 


The Rule and ground for the ſolution of this Problem, is ſkewed 
in the Chapter tollowing, theretore we come to Examples. 


The firſt Example may be thi:, 


Let there be given the latitude of the place, or Poles elevation 5 1 
d. 32 m, the Suns altitude 32 d. 28 m. the Suns declination northerly 
1; d. 10m, and let there be required the Sung azimuth. 

In this triangle F G H, let & repreſent 
the Zenith, H the North-pole, F the Sun, k 
then the complement of the Poles eleva- *%.,D 
n10N, 1s G H 38d. 2) ng” 
the com. of the ſuns altitude GF 57 32 
the com. of the ſuns declin. FH 74 50 
or the ſur;s diſtance from the North-pole. 

Then is the angle F & H the Suns azi- F uf 
muth trom the North, or F G B the Suns | 
3zimuih from the South, either of which 1s the angle required, ad 
therefore oppolite thereto [ let tail the perpendicular Ft, ard make 
b / equalio b G, ordering the work as tol.oweth, 


() p. 4 Pyicy 
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Poles e'ev.51 32 whoſe com.GH 3.8d.28-, 19d. 14tc16.4573123 
Suns alcitu. 32 2S whoſe com. FG 57 3 2S 15 49 

Suns decli. 1 5 1 © Whoſe com. FH 74 59” 37 25 


h 


the ſum of half the lides, 65 11 t 10.3551676 
the ditterence of halt the fides Od 39 | 9.1822106 


Gives the half of the alternate baſe 1 H1 44 3g 9.9946995 
trom which take halt the true baſe 1G H 19 14 
there remains 86 $5 BY 
Thus in the right angled triangle B G F, having found the baſe 
B G, and the hypothenuſal F G, being betore at hrſt given, we may 
find the angle at G, ſaying, 
ic G+-Rad =iB G-+tcFG,thatis,t BG 256. 25 9.5768686 
cefFOY 1 
& C932 Ms 
And thus we have found the acute angle at G, namely, BG F, to be 
72 deg. 2.4 m, Which is the Suns azimuth from the South, which was 
required, 


The Second Example, 


Let there be given as before, the latirude 51 d. 32 m. the Suns al- 
titude 32 d. 28 m. the Suns declination northerly 15 d. 10 m, And 
et there be required the hour from noon, or angle at H. 


We order the operations as followeth, 


] 3titud? 


l- 
nd 
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Latitude 514.22whoſe com.is GH338d.: 8', 19d.14"icI0.457;125 


Salons 
Suns altit,z2 28 whoſe com.15FG 5p 32425 46 
Suns decl.t 5 10 whoſe com.iSFH 74 50® 37 25 
the ſum of half the fides G6 11ke 19.3451676 
the difterence ot halt the lides c$ 39t 9.1$221c6 


—— n—_ — 


pives the half of the a/!ternate baſe 5; H 744 39:  9-99469 IT; 
to which adding halt the true baſe ;G H1g 14 


the ſum is the baſe B H 63 53 
Thus in the right angled triangle B H F, having the baſe B FG; d. 


53 m. and hypothenuſal F H, being before at firſt given 74d. 5s m. 

we may find the angle at H, ſaying, 

ie H+ Rad =:B H+ic FH, thatis,t B H6; 53 10.30955-> 
ie F H 74 59 9.43303: 4 
«« H 56 26 9:74265581 

And thus we have found the angle of the hour trom noon H, to be 
56 d. 26 m. which converted into time, is 3 ho. .45' 44", before or 
after noon. 

In like ſort you may find the hour of night by any known ſtar, for 

the ſame things being given, name!y, the latitude of the place, the 
altitude of the ſtar, and its declination, you may tind the angle at H, 
as before z and ſo the true hour and minute (1f it were the Sun which 
note. Then from that (tars right aſcenſion, ſubſtract the Suns right af- 
cenſion, and the remainer converted into them, add to th: hour ard 
minute betore noted, that total is the true hour and minute of the 
night, ; 
' But in gathering the Suns right aſcenlion, you mult remember that 
it differs every day about one degree or tour minutes of time (as more 
exactly in the Tabic appears) and ſo you mult allow proportionable, 
for the time that the Sun 1s paſt the meridian of the place tor which 
your Tables were made : as it it be lax hours paſt it, the right aſcer(i- 
on is increaſed about one minute of time, it rweive huurs, then 
about two minutes , it eighteen hours, then about three :7iinues of 
time, Ec. 


*2 A 
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CHAP. Yo 
Of the ſecond Fundamental Axiom, and of the Caſes thereon 
depending : with two other Axioms to the ſame purpoſe. 


2 Furdimental Axiom. 

N 4 ſpherical triangle, it halt thedifference of the fides contain- 

ing an angle, be added to halt the (ide oppolite to that angle, and 
lixewitc fub&racted from the ſame, and the ſum and remainer noted : 

] hen as the rettangle of the ſines of the containing fides, uu to the 

[2ware of Radins : 
So 13 che rectangle of the ſires of the foreſaid ſum and remainer to 
the [qnare of the ſine of half the contained angle. 
As in the triangle ADE. 

Le: D b* the contained angle, and let AB be thed ference of the 
cotuiumrg ſides AD and ED (for DB # equal to ED) and let 
AE, that ts, AS, be the /ide oppoſite to the angle at D. | hen m«- 
hing SK equil ro AB, draw the ſubtenderts AK ard BS, ard 
dioiking the wich AK or BS equally in R, draw from the center the 
line HR. Then drawmirg QX parallel to HP, and BL and GO 
to AH, © 

G(Q ts the verſed fixe of the angle ADE, as alſo of the arch 
GX. Therefore the arch GX, us the meaſure of theance ADE: 
But QX #5 in the right ſine of the arch GN, therefore QX # alſq 
the r1ght ſine of the argle ADE. 

And ſeeing AS ts equal to the oppoſite ſide AE, and SK to AB, 
he differeace of the containing ſides, therefore the whole arch AK, 
equal to AE and AB , therefore the half thereof AR, « the 
ſum of the halves of AF and AB, that 15, of half the oppoſute ſide, 
and of half the difference of the containing ſides, the ſine where-f us 
AW. eAnd if the 4'erexce AB, be taken from the ſide AE, that 
i from AS, the remainer us BS, the half whereof s BR: ſo that 
if the half of A B 6b: /4bſtratt-d from the half of AEor AS, the 
remiiner 8 BR, ind ſerivg GN «© equalto AD, GO the jineof 
GN, zs al/3 the ſire of AD, and BC ethernet DE or DB, So 
tha: BC ard {, © ave the (orcs of the Containing jides ADandED, 
ari AW 2:4 Bt are the [inert the foreſard ſums a4 Yemainer, and 
Gi the ji. of ha'f i be «18.0 a D. 17 {ay thin that, 


# 
ww 
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As the velargle of the (ines of the comairing ſide: AD and ED, 
to the [quare of Radita : 

Cs & the reftangle ef the ſines of t he ſum ard remain : A R and B R, 
to the ſquare of the ſine of half the angle ADE, namely, to th: 
ſquare of the ſine of half the arch GN. 

That 15, 
As the reftangleof GO and BC, tothe ſquare of Gl : 
ſo us the reftangleof AW and BR, to the ſquare of GY. 
Demonſtr. For 4 GH, the ſemidiameter of a great circle, 15 in 
proportion to B C the ſemidiameter of a leſſer : ſors QH the [ine of 

4 certain arch in the greater, toE C the /ineof the likg arch in the 

leſs ; and ſows G Q_ the verſed ſine in the one, to BE the verſed [inc 

zu the other. # hich 1 more largly demonſtr ated by Pitiſcus, lib, 5 aud 
by others, 


T herefori 


1-5 Trirnrtric, 


T b:-: (rea C11 i* an 9”; rirtriun to BCG: j9 FA GQtrBE. 

eli + GH 2 i: progorius ty O, ps BE BL. For th: 
rrianiles GOH andBLE are eqtiang; led. Therefore a1 the ſquare «f 
GH, + to the reftann'e of BU ia GO: |» us the reltangle &f 
C, _y 5 E tg ;herett an” cof Bl. =» BF, 

e411 viding the two (aſ; ? reciarnlesby BE, then as the ſquare 6 
(,il,-9;9 BY 1 GO; os GH. to BL. 

Or the Converſe, »mely, 

A; BC in GO, * to the ſquare of GH: fo: BL ro GQ, 

fg, ſeerrg that AK tu garalle! to BS, ard BL to AH: 
there + et the angle $ SBI, rs equal r9 the ar7/e H A W : therefore the 
right angled triangles S BI, and HA W, are con;angled. Likewiſe 
ſeeing the ripht as cole -d iv1, roles Y GH, an4 Q GN, have the angle 
Y GH common to them bath, therefore they are alſ5 eqtz. angle, 

[ heref ore ds AW 75 6; proportuo” ts AH Radinm: ois BL to 
By. Ardas GY i 1npreportionto GH Aides: ſors GQ tt GX 
Trevefore the vet! arple of AW BS, is equa torhu of BI. un 
4 adIs. Alſo the rettargle of GY wn G N. '5 equal ta that of G(! 
1 Natit, Ih. refore as the rettangle cf AW mnBS, i to the rect av 

leo” GY in GN, ſo us thereitangle of BL un Kadith, tothe rect- 
Zagid of G al 1n K 1dins. 

Mud dividn: »7 the rwolaſt ret vgles by Radizs, then as AW 3 

3 5, zsto GY in ON: fois BL to GQ. 
Bu: as BI, ts in propytionts G Q; ſ» (as before 5 proved) ts 
BC i: GO, fo the [queare of GH, that 1s to the ſqnare of 
Radu : The ec 
Aj BCinGO, r: to 'the [ſquare of Rvding : 
28 AWim BS, ro CY cw GX. 
Bits AW in BS 5 oo GY in GX: [arts AW mike hatf of 
bS (that is B R&) © GY in the half of GN (than GY) 
therefore ag the vet 17 5 6 BC in GO, wt; the ſquare of GH: 
«the » ct ole © RIFT r=» B R, to the 19's 1eo*t Gr, 
NE 1; p64 to [ - proved. 
Now to ap-ly thi- Pronolition to artificial tin-s, 
v:c1097 by the n::th Pr, o, Chap. 2, of Þ #'- triumples) the Lo- 


"rithm of 2 rectar2'ens ©qu4} 10 the L ogarithm+ "Or the lies there- 


et 2 ard bY oy ( *orol! ary 0: the {ame ) the IL og 2rithm 1 a ſquare e 
'$ £QU,, 10 ihe 3 evanthn of his lide doubled + therefore wy ing 
Ried 


L] 


The Second Book, 197 


third Prop. of the ſame Chap.) 1f unto the artificial tincs of the tore 
[aid ſum and remainer, be added twice Radius ; and trom thar total be 
ſubtratcd the (incs of the containing tides : halt the remainer 1+ the 
line ot halt the contained angle required. Or, (by the 4 Prop. of that 
Chap.) It inſtead ot ſubſtracting the fines of the containing lides, wz 
add their feveral Complements arithmetical, the rota! 15 more than the 
remainer would have been by twice Radius. Therefore leaving out 
twice Radius: 1! to the ſeveral Complements arithmetical ot the 
lines of the contai:.ing lides , be added the lines of the atoreſaid fum 
and remainer , halt that total 1s the line of half the contained angie 
required, 

This ground thus laid,we come to that two Caſes thereon depending. 


P Calc 
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Caſe 11. The three ſides of a Spherical Triane'e being given: 
to find an angle. 


Take half the difference of the (1des containing the angle required, 
and add it to halt the lide oppolite to ritar angle 3 and likewiſe ſub- 
ſtrat it from the ſame, notwg the ſum and remainer. 

! hen to the complements arithmetical of the aruficizl ſiats of the 
con:arung fon, add the artificial [nes of the foreſaid ſam andremwaieer, 
and the alf of that total 1 the ariificial ſiae of half the angle re- 
quire!, 

This being betore proved, we proceed to examples. 
I et there be g given thet AD38d. 20> 
three lides of the tri- J: D y5 
angle ADE,namely, JA E 76 oo 


And let there be required 
the angle at D. 


Differ. of ADandED, 55 32YAD3; 8-25, 50.47. 0.061683 


Half differe ct, 25 164ED 95-20, 5 co.ar. ©.201655 5 

Half of AE, 35d cs) \ ſum 66 -16G, 5 9.961 6244 

the ſum 1s, 66 146) + bas 6 M0 

the remutrer, OY 44 þ 19.397 4955 

haif D:g-59, 9.598743; 
\W hich doubled 13 59 deg.s5 8', the angle at D required. 
Ne. We have formerly noted Lt 

that the line of an arch ab;ve go ME So 

Ceg. 15 the ſame with the (ine of an PA 7y 

arch as much beneath 90 deg. as in J Ne 


this example, the fine of 95 dep. is " STE TP 


the ſame with the line ot $ 5 deg. 
1 Example in Applic#tios. 


[et there be given inthis Triangle, 


"Re T'ojes elevations | Coop! AD,51d. 32'S. 2A 36 a5 
"te Suns deckinition compl,E D,i5 15 "ED, 74 59 
” bs Suns beight, compl. AE, by 238 = "m «Oo J2 

And let there be required the hour trom noog D. 


5 


—_— WH 
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Tn: { Ference of he 1:s A D and E D containing 


the avgie required, 36 degr. 22 


*  mmC 


The half of thu difference, is l © T1 
T he hal; of the "ppy/ire [ile AE, u 28 40 
] he ſum of the half ifterence, and of the half ide, 1, 4") E 
[ he remainer of the ba't {'f, taben from the half (ide, ts 1 YN 
Which thus ordered, we reſolve the Probicm thus. 

Th: P1.cr elevation compl. A i) 3$8deg. 25 5 (9.47, 2 26167; 
[ he .\nns declividt, comp!. E D. 74 FO IJ C0. Ar. 215 3967 
1 he atoreſ aid ſum, 4" CY ge | 37 I 7 
1 has atorefaid Yer alt er, 10 -Þ 0,204C2 74 
Sum 19.3 4936061 

28 deg. 13. The half 9.0746>.0 


The arch anſwering to this line 9.6-46530, 152 deg. 1 3', Which 
doubled, is 56 d:g. 20, the angle at D required. 

\V hich converted into time, 1s 3 ho 43.44. the hour trom noor, 
namely, 1.4' 16 \,atter eight of theclock 1n the moraing, or 45 44, 
atter three of the clock inthe atternoon. In like fort, may the hour 
ot the night be tound by ſome known (tar, as we have | bctore touched 


at the end ot the laſt Chapter. 


2 F xampe. 
Let there be piven, 
Th: Po'es elevatio» 7, C 'mpl. AD W d. 32 1 \ D3$4.25 
7 ne yruns declination, comp! EW 9 1 ED 7 Yo 
T he UKs berght Z comp. AF 22 2H %AZEq ; 12 
And let-there be required the Suns azimuth trom the North A. 
T hz diffcrence of the des cont, —_ the angle re C 


; ) 
quired, namely, the differencesdt ADandAE, > ix 19 degr. - 


That 


On —— 


ITa!f of that diFerence, a, J2 
Ha.it ;* the ppante fide E D, rs T7 25 
\um of the ha'f difference, and of the half ſide, is 46 7 
Kemainer of hai; diſer taken from the ba fide, ts 27 53 


PP 2 \W hich 


_ 
» 
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\W |iich thus ordered, we reſolve the Prob'em thus. 


Paes elevatios.compl, AD 3$>deg.28' 8c9. or. C2061 38; 
Suns altitude, compl, AE 57 22 160.4. £107: 5190 
AForeſ.aid ſum 46 $7 #& 1.34, 75439 
Aroreſaid remainer, 27 Tr 0.5696 42: 

Sum IQ. 13694 


53 deg. 48' the baf yg.gc6547 
The arch anſwering to this ſine g.9c65470, 1553 d. 4* m., whic 
doubled, is 17 dep. 36 m. the angle at A, which is the Suits azimut? 
from the North part of the Meridian, 
Otherwiſe the operations in this Problem may be thus ordered. 


Poles elev. Na. 51 d.32 Co.of the Poles, elev AD 3$d.:5' = 190.1; 
Suns altit, 32 28 Co.of the Sunsalit, AE57 52 £28 4 
1) —— w—_ 

Snns del, No. 15 1c Comp... there.f ED74 $o=37 2 
difference 6-5 

ſum «46 5 

remainner 27 5 


I !cnce we reſolve the Problem, as before, 
AD 35 deg. 28' $co, ar, 0,20616\ 


SE $7 32 $c0.4, 0.973dcg 
108 46 F7 8 9.86377; 
rTemainer 27 4H. 0.56994! 


_- -— — —e——_— 


I9.51369; 


| — Þ4 $33. 9+ 9068 46 
Which doubled,is 107 36, the Suns azimuth tro; 
(the Nor! 


Again, tor the South Declination. 
Paleselev. No, 51 d.32'Coof the Poleselev, AD 384.28'V 190.1: 
Suns 4tit. F- J0% o.of the Suns altitt, AE $ 7 5 OE I 


Sun; dec., S2.15 1c Sunidr. from wo pole ED1079 10g 52 : 
aiſſerence " _- 

ſum T4 4 

remaner 29 2: 


Henc. 
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Hence we reſolve the Queſtion thus, 


A'D 3>d'g. 23m. $c9.ar, 206165; 

AE $4 FO $0.47, OCOIPES: 

ſum — L209 ; OG SOTO} 

remainer 29 2.4 , 0,490 0 )"4 
19.33g3522 

Gt $ L 4:GF1nl 

\\ hich doubled, ts 122 25, the Suns azimuth from 


(the Nortir. 
Note. And ater the f,rm of etthey of theſes Crone r. we may ly 


the 42% this 4 giver, fend he . engl le :t the | "233 7 Po SLE 
*. 4 Frhere were 340+. the 1 Poles elet ation _ 725 i, eelmnitita”, 
ard the Suns bet gh: . ind the anzle of the S: 48 Ps 


This eleventh Pt opofition 1 15 0iten uſey by Sea-men, elf cial V the 
ſecond Example, tor tinding the azimuth, whereby the variation oi the 
Compals may be known at Sea, after this manner. 

About the midd!c ot the forenoon, or afternoon, the heiyht ot the 
Sun above the Lorizon 5 to be taken by ſome Inſtrument tor that pur- 
pole, which being noted down, you are at the fame inſt: (fo near as 
may be ) to et the Sun with your Compals / fitted tor that purpole, 
the outward circumference of the Fly or Card divided into degrecs . 
and the Needle placed under he North and South UL 11;t5 _— the C ard ) 
and note down likewiſe upon what degree of the Compals ( reckon- 
ing trom the North) you found the Sun. Then knows . by your 
'ormer obſervations and reckoning,your L atitude,and by yuur I ables 
tyr that pur; ole the Suns declination, there is given the Volts elcs att- 
on,the Suns declination,and the Suns 


height above the Horizon, where- {1 
by,according to the ſecond Example Pt N 
lalt bztore going, you may hnd the if \ 


Suns true azimuth in degrees and n, \ 
S . ' mg 7 ne... : 


minutes from the North , which 
compared with the degrees before F# F 
tound by the Compals,it both agree, 

the Compals hath no variation; it there be any dittcrence, that dit- 
ference 15 the variation ; Which variation , Whether ut be eaſterly or 


welterly 


Wa... 


»- 
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weſteriy, may be known by the Rule before giverrupon the rweltth 
Cale ot the third Chapter of right angled triangles. 

As in the ſecond Example latt betore going, Admit that at the ſame 
inſtant, when | obſerved the height of the Sun in the morning to be 32 
d. 2$ m. I ſet the Sun by my Compals, and found it to be from the 
Eſt point towards the South 1 2 Cev.that is, trom the North 1C2 deg; 
But tz Suns trve azimuth from the North found by calculation,is 1£7 
vez. 36 w. the ditterence between theſe two is 5 deg. 36 m, Which 15 
the Yatlation of the Compals. 

But to know whether this variation be Eaſterly or Weſterly.I corl1- 
dr that by the Suns true azimuth found by calculation, the Sun ſtould 
kive bi from the North 1c - deg. 35 mi. that is, from the Eaſt point 
ot the © ompals to the Sceuthwards 17 deg. 36 m. Whereas letting tt 
with my Compals :t was trom the Eaſt to the SouthWards but 1 2 deg, 
So tht the degree whereon the *un thould have been , was more to- 
Ward the :iyhi hand,than the degree whereon it was: theretore I attirm 
the Yariation to be Exſterly 5 deg. 34 m By the fame Probiem,may 
he v4riution Of a Necele be tound on the land, 

Cate 12. 19: three angies of a ſp-erical [rt.ungle given ; to 
find aſtar, 

This 13 pertormed by the laſt Axiom, the angles being coverted 
n:0 {t1des, and the tides mito angies (as we have thewed ( hap. 1. Of 
ſ;he ical Triangles) taking inttead of the greaiclt angle his comple- 
m.nt!o 1c dev. 

Wherefore having tiken inſtead of the greateſt angle his comp'e- 
ment to 15> deg. and ail thinzs elle remaining 4s betore, 

Take halt the eifercnce of the angles that are adjacent tv the lide 
r-juaircd ard add it to halt the angle opp»lite to that fide ; ard | ke- 
Wie i bitract rom the ſame, noting the ſum and remaner, 

Then ty the comp emits arm] me ical of the artihicial ines of the a1- 
Cit ing ts, aid the wtificia! ines of the forr ſort ſom and remanncr, 
i; *he bt p* rha22 £924! 25 hs art ficial un” o' h Th the (ile reqrur” f. 

T he like reaton ferves tor this,s for the laſt Cale betore goirg We 


5 [! 
come thoeritore to Ex2m} 4c, 


[ct there "2 "Iven =_ 1o-d 3G thathts =o FW, And let there 

three argtes of the tr1- 4% 56- 26pbe required 

are 4 D E, nam.:ivyE :- : c Nthe lide E D, 
D ter. 


t * © 2 #*4. 3 


4 


— 
— 
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2 
Differ.of Eand D #4, 18d.3z1 y\ D 46-24 5 ce. ar. 0559229) 
Thi half — 09 15; E 37-95 $860.47, C.:114577 
1 be half of A, 26 12 3 ſum 45-27;5 9.54:?g314 
The ſues 45 2 \Yaom NE-GEet Lan ct 
The remainer 26 56, ſum 19, 99805 4 


F2-35 ba/f 9.599g927 
\Which doub'ed, is 1-5 deg. 1- min. the complement whereot to 
a $> deg. 1s 7.4 d& by 5 © min. which is the (ide required, E D, 
l E x.rmple n app'ig4tion., I-ct there be prven, 
= Suns azimw'h, A 107 deg. 36 mo 72 dep. 2.41 
e haur from nom, D indegyees 56 26 D: 
wb ang 7 of ps ton, - IF; CF | of 
And ict there be required the Suns herght, being the complement ot 


AE. 
Th: difference of the adjacent angles Aandy, 24d. 29 


es ee En <4 


The half of that difference 15 0 
The balf of the angie D, oppyite tothe [ide required, ts $3 v1 


— — O—— — —— 


The ſwm of the half difference and half angle, 04 27% 
1 h: remainer of the half difter.taken from the half angle, 's 10 5 
Then wil" reſolution of this Problem, 


The Snns azimuth 72 deg. 24 5 Compl. ar. 0.0208202 
T bez angle of poſtrtan 4 37 55 $s Compl. ar. c.2114677 
The for eſaid ſum 45 27;4 90.352 9314 
The foreſaid remainr 10 58:5 9.2796227 


ſum 19.;3648420 
28 46 half 9g.58:4210 

Which doubled, 57 deg. 22 min. the fide A E, the complement 
whereot 32 d:g. 28 min. 1s the height ot the Sun required. 

And atter the form of this example the ſame things being given : 
namely, the $uns azimuth, the hour trom Noon, and the angle of the 
Suns polttion b-ing given; we may find 2 The Sans declination ( as 
In the tormer example ) 3 Or the Poles elevation, 

Note. A/th»#gh 1» the converſion of ang ics into ſides, you may 4l- 
wayes ( 4415 4 foreſaid ) take inſtead of the ; 'reateſt angle, his comple- 

mentto 189 deg. ", 10 are nat ſo to ds of ne 'c Jiy, for Ja4 ma) take the 
complement of one of the leſſer angler, to 180 deg. Ar, Let 
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Le there b e given theC .4 107 Cl. 30'2 Ana et there be 
three angles 0! the tri-{D 56d.26' or 123 34 prequir'c,asbetore, 


angle A D E,namely,/ E ©37 F$5 Ythelide ED. 
D: fer of E and D, 1s 85d. 39 \ Dg56-26 $coar. C.o7g2283 
1h: hat F difference 42 492 / 37-55 4 C2.4'. O0,2114677 
1 be half of Au 53 48 Cluam83-22\5 9.9971562 
Th: (um, 95 5 $8 7e0,10-5 15 $2799227 
The rew IPEY,, I © - T6" Ig. 5674749 
27-25 9783-374 


Ithich doubled, ts 74 50, the ſide E I required. 

He | ath another way very little inferiour to the former,tor the (0- 
lation of the rwo laſt Caſes, which Mr. G zter makes uſe of, As it 
Ihre: ſid-s (+ given to find au angle. 

Aldr; "e three lides together, noting halt that ſum , and from thai 
halt, tubltract the fide oppolite to the angle required, and note the re- 
mainer. Then 

As the rectangle of [ines of the containing ſides, 

1179 the _ of Radie : 

25 the r:ct.ing le of the fines of the foreſaidl ſum and remaimer, 

to! he [q 4.52 of a /ine whoſe arches compl,doubled,ts the angle ſought. 

By containing lides,we mean the fides containing the angle required, 

| Therefore working by artificial lines, 

Add to the Complements arichmetical of the tines of the contain- 
ing lides, the lines ot the atoreſaid ſum and remainer, halt that total is 
the line of an arch,whoſe complement doubled 15 the angle ſought. 


Let the Example be here as betore,namely. (at D. 
SAE'5> 4. 32',and let there be required the angle 
Let there bc pivend 4 D 233 - 39 s Compl. arith, ©.205160J 
ED74 50 5 Compl, arith, 0,015 3967 

I 70 FO 
The half ſam by "24 8 9.9986099 
The remain 9” 22 5 9.6692 420 


Lo 4& 150 


Wo — — - —  _—__———— 


The c —_ f the « fines arch, is 21 deg. 13 m. 9.9459 550 
W hich d;ub'e?, 56 26 theangleat D re- 
(9»1e1. 
It 


i os, i 
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If the three angles be given to find a (ide , you may convert the 
angles into [ides, 6c. as before is ſhewed. 

Aithough either of theſe two laſt Axioms are very ſufficient for the 
ſolution of the two laſt Caſcs of an oblique ſpherical triangle arith- 
meticaily; yet neither of them can ſo aptly be applied inſtrumentally. 
| Wewill theretore here ſet down the third Axiom, which he hath to 

the ſame purpole. 


| 


4 D , E.3..1 
N ! 

s 

I 


_— \ 
ARESN eh. 
{—* B R & 

A E A | D £ 


' © The three ſides of a triangle being given, and an angle required, let 
| fall a perpendicgylar oppoſite to that angle, the fide whereon that perpen- 

dicular falls, f* call, for diſtinttion ſake,the baſe, and the other twothe 
fdes : thus in every of theſe triangles AE ts the baſe, ADand ED 
the ſides, D B the perpendicnlar, © being placed at the right angle, and 
B | alwayes made equal to B E : Thus in every of them A E being the 
true baſe, A 1 is the alternate baſe, whoſe end | ts aa far from the per- 
pendicular B one way , 45 the end of the true baſe E, u« from the perpen= 
| dicular the other way, Which things thus concerved, I ſay, 

As the tangent of the true ſemibaſe given, 

a to the tangent of half the ſum of the ſides : 
So 15 the tangent of half th: difference of the ſodes, 
to the tangent of the alternate ſemibaſe, 
That «, 
At the tangent of the half of AE, 
to the tangent of half the ſum of AD and E D. 
So is the tangent of half the diftere:ce of AD and E D, 
to the tangent of the half of A l. 

The demonſtration whereof , you may ſee in us Second Book of Tri- 
anples, 

I berefore adding the half of the true baſe A E, to the ha'f of the 
alternate baſe Al, the ſumu A F, the baſe of the right anglel tri- , 
 *uole ABD: alſothe difference of the halves of A Eand AI,wvEB, 
* thebaſe of the other right angled triangle EB D. 

Q 


; 


: 


And 
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' And thut in either of the right angled triangles ABDandEBD 
we have the baſe and hypot henn/al,>hercby at one other operction eithy 


of the a»gles oppoſite to the perpendienlar, namely, the angle at vA, of 
that at : opal fomnd by 0 I3 Caſe of right m——_ triangle, fo 
Therefore, the three ſides bring given, we may find an angle, = 
' 
" As for example, in the firſt of theſe Triangles, let there be requird jr | 
the angle at A, the three (des being given, namely, the 
_ 
AE 54d, 59' the half of AE 37d. 25” , puny 10.,11632) "ay 
AD 57 32: the half f AD28 46 ang 
ED 38 28 rthehalf of ED 19 14 hnd 
The ſum of the half files, * 43 co ft 10,045561 
T he difference of the half ſides og 321 t 9.225156 
The half of AI t3 a t - 9.3870464 [1 
Towhich adding half of A E 29 By L wy 
The ſum tscAB Jl 07 then 
$ hnd 
Secondly, 
AB 51 deg. 07' the tangent of AB 10.0934397 - 
AD 57 32 tang. compl of AD 9g.8036296 [Two 


A 37 55 mike ſive compl. A g.$g970693 


And thus we have foynd the angle at A to be 37 deg. 55 min. 1 
in like manner we might have found any of che other angles. 

Nite. For the reſolution of queſtions of this nature inſtrume! 
tally, Mr. G#»rer ( an ingenious man in contriving and applying 
Inftruments ) makes uſe ot the right and verſed lines, and ſo r:(9! 


them at two operations , and ſometimes he uſeth the right fines o1.j (its 
but then he huth three operations. Notwithſtanding they may a'19!Þ jen; | 
| performed at two operations v.ithout verſed lines, uſing only the tw} | 

gents, as we have here thewed. \& £96468 

Nov, as we have betore tor right angled triangles, ſo we will heh — 

for oblique repreſent in a 1 able the operations uled in every Caſe, UF | hree 

the view 0: which Table you may be directed in the reſolution ot af ren 
oblique ſpherica! triangle, 7 , nd 

Ay m—— 

are 

| Piven 


- Exemplary Table for the reſolution of rhe ſever al Caſes of an 0, Oblique $ Spherical al Trang per” oz 


- 
Dat. | Reg. | I þ: Propertionality, 

wo angles,and a (ide oppoluce] A” 

ſro one of them given : to hnd] E £ox0. :E, :AD, 5A, ; ED 


the tide oppoſite ro the other. |AD 


| 
| 


Tio lides,wvith an angle oppo-|A D 
fit ro one of them given: tohnd A >ÞE. JED, sA, : AD, :tE 
the e angle oppolitero the other.|E D 


their contamed [3D vc ? AB, 15EB, ic AD, ic E [DD 
angle given: ro One of theo | A TTY © on = 
tind ther angles. mm E a or rem. A B and = ESEB 4 


| 
| 
| Ra 1c A, tAD,tAB. | 
Two {ides with The third lide FED4t(um or rem. of A B and AE is EB | 
| 
a| 

sAB, tr A, 


I TS ESE - sAD, tA, tc : D A | 
Two angles and The third ho E D or rem. BD A and Di:BDE. 5 


;BDA, ;BDE, 5c A, ic E 


—_ 


Rai. 5c AD, tA, P's 7: F Tas | 
ſum or rem. BD AandDis BDE' 6 
««BDE,.cBDA, cAD,cED |; 


Re wAtAD,rtAB £5: 
AE 


them given ; One of the! A 


the lide _ angle, AD 
hnd 0 FOres tides. 


ED 


is AD, cED, cc AB.scEh) 7 
farms or differ. A Band E Bis AE 


C Ka c AD, i A, tc bDA 
2g 


olite angles g1-C Their con- 


to hind tained angle., © AD, tc ED, 65D A, ic B vel S\ 


ſam or differ. BDA and ARDE' D 
Ra: ic AD, : A, ic BD IA” * 
D 


Two f(ides with Y The third AD 
* of their op-(_ lide, p 
P 


' | 
ic A, 6 E, BDA 1tBDE\9 
fr cr dif BDA&BRDESD 


wo angles with NThe third] , 
one of their op-(_ angle. Ry" 
lite ſides gi-C Thelide be- 


ES Thai Ad,cAD,AH þ- 
i ven: to find tween them AESXtE. tel, 1 AB, 5E B 10 
'F | REES” Co ({umor ditfer 0 of t AB GEB 1s AE 
: I 7k © The Equality.) 
uf [Three ide A) rochntdo eD(:is | 
24, ED D&S. AE—tdif ADCSmm. « F( 57 D |" 
Na ne &ED is rem.G) Kem. s GC | | 


/ 
. 1. 
a "= - [16,  _ 2 difler. E 


em 


- J (Ap: 'dif.E & 
; [re angles \b is ſamme EF 


\ & Dis rem. GJ) R-m.:5G 
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This laſt Table might be propoſed in other terms, as the firſ? Cz 
we might expreſs thus co. ar, s Es ADA, makes E D, cuti 
off an nnite or 1 in the firſt place towards the left hand, iwhich thi 
being before ſuſficiently explained , we ſhall not here-nced to ini 


thereon, 
Here I intended to conclude this work : but becaufe the dem; 


ſration of the firſt fundamental Axiom tor ſpherical triangles,as i: 
delivered by the I.ord of Marchiſton, is very brief, and by him: 
plied to another kind of Logarithms, fo that it may ſeem obſcure, 
have thought good here (though ſomething out of place) to illuſtr 
the ſame, firſt premiling certain- Lewsme's ſerving to that purpoſ:, 


LEMMA rx. 


In a right angled ſpherical triangle, 
As the ſine of the baſe, is in proportion to Radius © ſil 
the tangent of the perpendicular, to the tangent of the an 
at the baſe, [. 


As in this Diagram, 7þ 


—— 


Let ADB repreſent a "*%, Y I 


ſpherical Triangle , right pads” . 
angled at B, ſothat A D \,K 
is the line of the hypo- DY | 
thenuſal, A B the line of 

the baſe, and DB; 1s the 

perpendicular. a V | 


FB 4 || 

Then is > 4 B the an- : f 

ple at the baſe, and/ H : | 

the line, and L Mche tan- ? | 

gent thereof. Alſo D F 1s FE | 
the line, and K B the tan- F 

— | wt 


gent of the perpendicular 
D B, 


The Sccond Books 
I ſay then, 

eAs AB the ſine of the baſe, 

6 in proportion to A M Rading * 

ſos BK the tangent of the perpendicular, 

ro 1 L the tangent of the angle at the baſe. 


. LEMMA 2. 

In a right angled ſpherical Triangle, 
As the ſine of the hypothenuſal,is in proportion to Radims- 
ſo is the ſine of the perpendicular, to the fine of the angle 


at the baſe. 
That is, in the foregoing figure, 
As A D theſine of the bypshenu| al, 
# iz proportion to A I Kadin : 


1 ſo 5 'D F the ſine of the perpendicular 
/ | to 1 H the ſine -1 angle at the baſe. 


Theſe two Lemma's might be demonſtrated in this Diagram , but 
becauſe theſame in effect are at large demonſtrated by Lanibergins, 
| Pittſcm, Snelliis, and others we let that pals. 


| LEMMA 3. 
The circular parts of a right angled 1riangle,are the ſame with 
the circular parts of a quadrantal triangle adjoyning. 


Aslet AB Dbeatriangle right angled 

at B: and let one of the lides thereof, 
ll namely, A B, be extended, till it become 
n a quadrant, that is to G, and draw an arch 
f from Gto D. Thenis GAD a quadran- 
tal triangle, adjoyning to the right angled 

wiangle ABD. I ſay therefore that the 

circu}ar parts of the quadrantal triangle 

C AI), are the ſame with the circular 
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The five cir-N AB D,are A b.D B com. B D A.com. A D, com. A. 
cular parts of 
the triangle.£ AD,are com. AG. AGD.GD A. com. AD. em. A, 

where itis evident, G B and G D being quadrants G D B isa righs 
angle,and D B isthe meaſure of the angle at G : ſo that the (ide A B 
in the one is equal to c-mp/. AG inthe other; and the lide BD in the 
one, equal to the angle A G D in the other, and comp/, B D A inthe 
one is G D A inthe other, and compl. AD :n the one is the ſame with 
compl. A D in th: other, and laſtly, that comp/. eA in the one, is the 
ſame with compl, A in the other , for the complement of the acute 


angle D AB untoa quadrant, is alſo the comp!/. of the obtuſe angle 
G AD. 


LEMM A 4. 

If five circles of the Sphere be ſo ordered, that the firſt interſelt the 
ſecond, the ſecond the third, the third th: fourth, he fourth the fifth, 
aud the fifth, the firſt, at rightangles : the on angled triangles 

4 


me circular parts. 


wade by they 1nterſeftions, do all conſiſt of the 


As in this Scheme, 

Let G repreſent the ze- 
nith A the north pole and 
D the fun being in the 
Horizon. Sothat [G B 
is an arch of the meridian 
ot the place. 

BDF an wch of the 
Horizon, 

FEC, an arch of the circle 
deſcribed about the Sun. 
C AH, an arch of the 
meridian of the Sun, 

HL1, an arch of the 
EquinoCtial. 

Then do theſe hve ar- 
ches retain the congitions 
required, 

The firſt interſeQting the ſecond in B, the ſecond, the thirdin F , 
the third, the fourthinC , the tourth, the fifth in H ; and the gr 

ie 


— 
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the firſt in /. and theſe interſeStions at B, E, C, H, I, are at right an- 
gles; therefore [ (ay the right angled triangles made by the interſe6ti- 
ons ot thele circles , namely, ABD, DHL, LFE, EGI, and GCA, &o0 
all conlift of the ſame circular parts, tor the circular parts in every of 
chem are, as here appeareth. 

The ve C4 ABD, are AB, B D,com, BD A, com. A D, com, DAB 


Circular YDH L,are com. HLD, com. LD,ccm, LD H, DH HI 
partS ingLFE, areccm,ELF, LF, FE, cm, BET, em. EL 
the Tri- JE I G, arc I G, com, 1GF,, @m.CF, com, GE1, E ] 
angle, GCA, are com, GA,com, AGC, GC, C A, com, *CAG 


here you may obſerve, that to the {1de A Bin the firſt rriargle, is 
equal compl, HL D in the ſecond, or compl. ELF in the third, or IG 
in the fourth, or compi. AG is, the fiith. In like ſort, to the ſide D B in 
the tirſt triangle, is equal c:--pl, L D in the ſecond, the lide L. F in the 
third, c:p/. 1G Ein the tourth,or comp/. AG C inthe hiith : and the 
like 15 to be ſeen in the reſt, taken in ſuch order as they are placed. 

To expreſs this more plainly : AB, the Poles elevation in the tir{t 
triangle, 15 the complement of the angle H L D in the ſecord , or the 
complement of the argle ELF inthethird, or the fide I G in the 
tourth, or the complement of the hypothenuſal G A in the bfth ; and 
the like 15 to be underſtood ot the reſt, 

The ſame uniformity of the circular parts 11 alſo aprarent in quadran- 
tal triangles. 

As in the ſame Scheam G from D, D from E, E from A, A from 
I, and L from G, are diſtant by arches each equa] to a quadrant ; but 
the arches G A, A D, DL, LE, and EG, are not quadrants. Here 
are therefore hve quadrantal triangles GAD, ADL, DLE; LEG, and 
EGA : whoſe circular parts are, as here appeareth, 

The hve , G A D, are com. A G, AGD, GD, com. AD, com. DAG 
circular YA DL, are A TL D.com. ID, com. ADI, com. AD, DAL 
parts meDLE, are com,DL FE.com. LD EDL, DET, com. LE 
the Tri- LEG, are GLE.com.L GE, cem. E G, com. LEG, coin. LE 
ang'e, CE GA, are com, A G, com. EGA, com. E G, GEA, GAE 

Where you may obſerve, that the circular panes in every of them re- 
main the ſame unchangeable ; and not only in theſe ten triangles, bur 
in all others which do ariſe of the other interſe&tions of thele ten ar- 
ches drawn forth to whole circles ; which becauſe they are many and 
confuſed, we here 1c them paſs, this being ſufhcient for our re 
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1. Fundamental AXIOM, 

Of the five circular parts in a ſpherical Triangle, right angled 
or quadrantal, 

The ſine of a middle part with Radius,is equal to the tangents 
of the extreams adjacent, or to the fines complement of the 
oppoſite extreams, 

V Hat a middle part, and what the extreams are, whether ad- 

jacent or oppolite thereto, we have before ſhewed Chap. 2. 
of Sphtrical Triangles. 

Part 1. Now touching 
the frit part of this Axiom 
in right angled triangles : 
the middle part 1s either 
one of the (des, or one of 
the oblique angles, or the 
hypothenuſal. 

Caſe 1. Let the middle 
part be alide; as in the tri- 
angle ABD, let AB be the 
middle part, and DB, and 
comppl, A the extreams ad- 
jacent; then I ſay, that the 
fine of A B with Radius, is 
equal to the tangent of 
DB, with the tangent of 
the complement of DAB. 

For ( by the firſt Lemma) as the fine of A B, is in proportion 
to Radius : ſo is the tangent of D B,to the tangent of the angle at 4; 
therefore alſo alternately, as (ine A B, to tangent DB : ſo Radius to 
tangent «A, 

Rut (by the Corollary of the firſt Theorem of the fourth Chapter 
of Plain Triangles ) Radius is a mean proportional between the tan- 
gent of an arch, and the tangent of the complement of the ſame arch, 

0 that as Radius, isto tangent A, ſo is tang, compl. A, to Radius : 
therefore as 5 A B, tor D Z :ſois:c A to Radius : therefore (by the 

Corollary of 3 Prop. Chap.2. of Plain Triangles) s A B-j-Radius 

is equal to; D B-rtc eA. 

(aſe 24 
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Caſe 2, Tertthe middle part be an angle, as in the triangle D/I0, ; 
let com, 1. H E*Dbe the middle part, and H L and compl. L D the 
exXtreams adjacent, then I ſay, that the line complement ot: H L Þ, 
With xadius, 15 equal tothe tangent of 7 L, with the tangent of the 
complement ot L D. 

For (by Lemma .;.) compl. H ED i5 equal to 4 B and compl. 
LD) to DB, and HL to compl. DoA 5, and here betore we 
have proved, that s A B | Ractus, 15equal to e D B tic A there- 
tore allo tc if L D-|-Radis, 6 equalto rc L D-| or [TH 

Caſe 5, Let the midile pari be the llypoth<nulal , as in the tri- 
angle GC A, let complement A 77 be the miidle part, and com- 
plement AG”, and complement { 4 4, the extream adjacent ; 
Then aifo lay ic A  -{-Radins, 1s equal to zc AUC tic C A(g. 

Fur we hive betore proved, that s A | -Radius, 1+ equal tor DB 
-| tc A, but (by the 4 Lemma) c mplement A Gr, 15 equal to A PB, 
and compl. AGC to D B, and compl. C. AG to convi. D 4 B, 
theretore allo 55 A+ Radius, 15 2quil torc AUC , 1c C AVG, 


Therefore in a right angle triangl, the ine of 4 mindepirt wwh 
R44114, 15 equalio the tiogentsof the extreams ad/actnt, 
| lay turther, that 


Part 2. Toe fined} amdil: port with Radims. 15 e94:1 to the j1.es 
complem:nt of the oppote extreams. 
For h:re 21fo the midele part is either one ot the 11!es, or the hypo 


re 2 
thenulal, or one ot the 0b;1pPLL angics, 

Caſe 1. Let the nuddle part be 4 tide, a5 in thetriangie {4 D fer 
DB lc the m1dd!; Part, 4 d comnl. A [) ind con [ 4 the LUYL It » 
extreams. 1hen I lay, ithut the tie 0: B U with Ridias, 15 EQuiat to 
the lice of A D with the tine of A. 

For {by Lemmia 2.) 45 3 4 Dio [alius os D B+oa line 4 


therefore ( by Couroll. 3. Prop, 2. Chap. of plain triinv'es) 5 522 2 
- i 4 
+ Radius, is equa, 105 A D+-5 A 
F nr ] l t, | os , N—— 4. lah ' # 5 | FW we ' T 
C. 618 & - -% bias &4 + , CIdCi3hdidki UTE £qthe NINGCOUK ' TEE" i b 
x . 
gc 'D H =F (CON), tl. 1) be the my vie Patt, :d D G it L 
the ovpolite cxtreams, think ſay, tht 55 LD +: Raditis, 1 iT 


i He-: HL. 


' 
| 


Ps. Iz 


— I 
z 


- —o__ 


I24 Triconometrie, 

For compl. L D is equal to D B, and D H is equal rocompl, AD, 
and HL rocompl. D A B ( by the 4 Lemnu ) theretore, &c. 

Caſe :. Let one of the oblque angles be the middle part. As 
in thetriangle E1G let compl. I GE bethe middle part. Then | 
ſy, that sc I G E+Radivs, is equal to 5 G El--ic EL. tor comp|, 
DA '. 

Therefore in a right angled triangle, T he /in's of a middle part with 
Radins, 15 equal tothe (ines comp/. of the oppoſite extreams. 

And ſeeing by ( the third Lemma ) the circular parts of a right an- 


1:4 triangle, are the ſame with the circular parts of the quadrantal | 


tr:angle adjoyning ; theretore, that which is here proved touching 
right angled triangles,is alſo true of quadrantals. Therefore in 4 ſphe- 
rical trig ge, r1ght angled, or quidrantal, &c. Which was to be 
proved. 

The ſame might allo have been demonſtrated 
1m this Diagram without the fourth Lemuna be- # 
tore going, but becauſe that fourth Lemma is of \ 
ſingul:r invention, and -f It {c]t worthy to be 
known, | have choſen rather to tollow herein the \ 
invention ot the noble Author and Inventer of ,B 
this Prop. ard of that third and tourcth Lemma, Ei 
than otherwile. (oat 

And thus have we ſhewed the reſolution of Plain and Spherical 
triargles, by this late invention of Log rithms , not excluding the 
wWaycs tormerly uſed by natural lines, tangents, ard ſecants ; but de- 
| ve ri”g the Rules in ſuch ſort,z+ they may be app:1<d to ether. What 
hath been largely handled by others, I have 1tghtiy paited over , other 
things | have more miiſted upon. In all I have endeavoured {o much 
brevity, as might ſtand with perſpicuty, Now touching the app'ica- 
197 hereot, I doubt nut but he that 15 exerciied n the Mathematicks, 
be able ro apply it divers wayes, eſpecially to thoſe parts wherein 
P01 Converiarnt , yet for therr help that are but newly entered, hope 
1) 40 fomething in that Kigd hereattcr, a5 1t tha!l pleaſe God to g1vc 
2p ornunty., To whomalore is Cue all glory in all things, 


Go. 


© i. i + 


= — 


© ie 
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NESS OSHS SHCEHHHLHEELEY 


AN APPENDIX. 
Tourhins the application of the Dodrine of Trians ; in 
the three princapie kinds of Saying. 


Y intent was here to have annexed 4 Treatiſe of Na: roatiim, 
and eſpecially of ſuch Pon ts therein as have reterence to the 
Doctrine of P.am and \ rober; cal Irtangles : Being the rathcr thereun- 
to 1nd, ced, bec wule I had my brſt brecding in Mathematical Studios 
and Prattites at vea z Whereby I ſand the more indebted as to that ex- 
CC [le nt Art, iT tothe wort |: y Protci ors 21:« Practifor rs thercof, But 
wanton 2 time for the ACCON IP: Ning 7 of that 1ccordir 1808 11h) 1 Ire, by 
reaſon of my necellary abſence ar. of proven ent tar from home all 
this Summer, I have here, inſtead thereot, thewed the refolutmon of 
certain Problems, touching the three prir.cipal kinds of Say 1ng. 


: 20 , > , S. */ } +> q > 40 4 P PN ” |} p 
O17: fti9ns of VE, 110 by the P4477; Or OYamary Yea C / rt. 


: 

A'though the ground of the Pro as ot the or. 1-4ry Sea-Chart 

bring falle ( a juppoling the Earth ard Scaio be a pun tupertichs) 

| %x% ” 7 . pe m S # % . P » 

and to th. CIDNCULTLONS LINCONC or py 't 2:10 | 1 TY be 
- * 4 | , . . ' ry } " —_ ' . 

E rroncous * Vt UDECAlITE It 1» MLoET Calle, and muon d, and the Er- 


6 * . ry , 7 , * , "IC | 4 ' © " ” ; TIF. , 
rYOYS 1M LIT. C:AILLALL CES NOT IO CYL tf. CIT NOT A110.) Ne Vitet ls 


s , - # # F 
Queſt. 1 Sy/irg 100 Leages upon the fixth Rub: how mich 
8.0 j # 

"at 1 4.ter my Paralic; 3 Latituac 


N'zte. The anpie that any poli of the Compaſs mixes with the 


A, i 
Meridian , We Cail the Rumyv ; but the angle that 1t Makes W :hany 
Parailel, we call the comrlement of the RR mb 
Ard tura t.uch as tory yore ot the Compals there anfivers 11 
dep. 15, therctore the lixth Ro from the Meridian (namely e » e, 
ee, W411, OT oP 21 38 1NA4kss 12 If e the 11% with of H * dee NY} 


LL 
compiement 2 > Oc | = the ang! e Ot! tie Lane Iu! Db Will e\ 


Paralic!, 
Net's 


— 
FS 
r- 
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Now admit I fail from D toe 4. cn e 
-o leagues , I demand the Cittcrence of 
latitude DB. 


By the third Caſe of pl.un triangles, 
: A B 


As Radiue, 


to the ciſtarce run : AD 1cc leagues 2.50000 
{o ſine compl, the Rumb, s A. 22 deg- 30m. 9.58284 
to the difference of Latitude, D B 3 $2;, leagues 1.58284 


In like manner you may find the difference of Latitude for 
any diſtance run upon any other point cf the Compaſs. 


"S) 


Say'ing 10 leagues #pon the ſixth Rumb : how far am [ departed | 
from the Meridian of the p! ee from which I came ? | 


Tha: is by the ſame thing, as before I demand AB, 


By the third Caſe if plaintriangler. 
As Radius, 
ro the diſtance run, AD 1-0 leagues 2.02090 
ſois the line of the Rumb, +s D 67 deg. 3o m. "9.95562 


to the departure from the Mer. A B / 2, leagues 1.99526 
3 Sajling upon the ſixih Rumb, till 1 op my latitude one deg1ee, 1 
demand how far I have ſailed ? 
As ailing trom D to A, ene, till the difference of latitude DB 
e 2C leagues; I demand the diſtance run AD. 
Say by the ſecgrd (aſe of plain triangles, 
As, fine comp!. the Rumb, A 2:2 deg. 30 m. co, ar. 0.417 
to the dittcrence of the latit, DB 20 leagues 1.3010? 


{.» 1s Radivs, 

t0 the diſtance run, AD 5 22*. leagues 1.71819 
The like queſtion might be moved by the departure from the 
Mridlan given, 


4 Sajling 


CI 


R_ tk a 


zk —S ,- 


by the plain Sea Chart. 27 


4 Sayliro wpn the ſixth Kumb,isl [ have a tered my 0. at 114.54 014 dee 
gree : bow much am | deparied from my (i-}i Aleriticn ? 
As (ailing from Dto A, ene, till the {Tong ot i::1tude D B 
be 2© leagues; 1 demand A B, my departure from the Metivianr. 


By the firſt Caſe of plain trrann (es, 


As Radius, 


to the ditterence of latitude : D 3 2c lewues 1.30103 
ſo is the tar.gent oft the Romb, e D 5&7 deg. 35 >$278 
to the departure | rom the Mcrid. AB 44's, 1.68381 

In like manner by the departure trom the Meridian given, 


you might hnd the difference of latitude, 


Sayling npan [ome Rum), between the North and Faſt 5+! leager, 
and f:ading that I have altered my lotituie 016 degree © 1 demand up- 
on wb 't pint [ hav: ſailed? 


1 


As it | tag from Dto A (being ſome Rumb between the Eaſt = 
North) 5 2: leagues, and then find the ditterence ot latitude D B, 
be 2c "by 1 demand the angle A DB. 


Say by the ſixth (aſe 


as the diftance run, DA 52; leag. co. ar, 8.28151 
150 R adivs 

{o is the diftcrence ot latitude, DB 20 leagues 1.3019} 
to line comp]. the Rumb, s A 22 deg. 3© te 9,5 32 $4 


Whoſe complement [) 5 eg, 2 © m. i5 the ſixth point from the Me- 


ridian, name! y, exe, Lic ce weney viec luine Part O7 4 MIn..!c ( 3s 


in thele things not to be regarded? and ſv in other P14ces, 


6 Sayling upon ſome Rumy betwien the Nerih and the Eaſt 5 ol leap. 


and finding that I bave al:ereim, luirwie ene depree, | wan'i #158 
my deparinre from my fi jt Aleridtan, 


Pythke;evemtb Caſe. L v 


128 Problems of Sailyng. 

To the diſtance run, ad the diſtance of Latitude,and alſo ſubſtraR 
it from the ſame, noting the ſum and remainer. Then add together the 
Logarithms ot this ſum and remainer, and half the coral 1s the Loga- 
rithm ot the diſtance from the firſt meridian. 


Diſtance run D A, 5 2x le.gues g Summe 725 leagues. 1.85584 
D: fr of latit.D B, 2< leagues & Remain 32 leagues, 7.50853 

330737 
Departure from the meridian A 1, 483%; leagues, 1.58368 


i he ſame may be otherwiſe found by the ſame caſe. 

And in ike fort might the difference or latitude be tound, the depar. 
ture trom the meridian being Known. 

7. The 4 ſtance :f the meridi.n of two places, and the difference of the 
L <tirues of the ſame places being given, to find the Rumb ani 
&:ſtarce, 

As let A repreſent the Lizard inthe Welt part of Eng/and, and 
A B the parall-! thereof, and let D repreſent St. Mares Iſl 4, be- 
ing one of the Fzorer, D i the meridian thereo?t, 

Then: AB, the diitarice of the / 124rd 
from the meridian 0! St. 1.erres, which let 
be 272 leagues ; and DB the diſtance ot 
their parallels, or difference of their 1att- 
tudes 256 icignes. I demand the Rum : 
namely, the angle at D, and the diſtance 11 A. B 
the Rumb AD. 

Fir/?, for the Ramb, ſay by the fourth Cale. 
As the ditterence ot 


q , y » [3 4 - , - - . —_ - - 
atitude, DB 256 leagues, com. a”. 7.59176 


{ 
- þ 
: ! fp wn 0 mm P [3 1 lis > 2 
15 1) } TOPOLUON (O I\JONS : 
\ "BE b t, - ny * 1 ” » X I . o ' " X a4 s © 
{5 15the dift anc? oi the merit, AB 2+: CA TUCS, $43 $57 
- C_m_—_—— 
_ » © -y - 6 kf. Y,y FI - | Fn . 
15 the tangent of the Rumb,e D 46 deg 4: m. 10.c2631 
BE © . + b, » iP ;» 1 þ ry ' 2 - , Po ,! I ” # a 
) M1 h GY [730 7q) il | i mb [YOM th al 4 #f fIN. TING I CO, __ ! tl. 


more, Which thews the courſe from St. ,!/<rrec, rothe Fiw rd, to be 
"awe | OY « bs Wy : : FN 
Nozth-ea!lt i deg. .;4 Mm. cafiery : or !r01 the L &251, 19 St, Mares 


South-we't, 1 dev. 4.4 Mm, weſterly. An thus ic thould be by the plain 


4 


, 


by the plain Sea-Chart, 2 
S-condly, for the diftance AD, ſy ly the ſecond ©o[c. 
As the line ot the Kumb, sD 45 deg. 4.4' 69. ar. cl 55" 
to the diſtance of the Meridians AB 272 leagues, 2.43250 
ſo 15 Ravtius, 
to the di{tance of the places, AD 373 leapues, 2.6722} 
Or atherwiſe, 


As line comple. the Rumb, s A43% 16 ca. C164 

* 10 the dittcrence 0i latitudes DB 256 leagues, 2.4= $2.4 
ſo is Radius, : aging 
to the diſtance ot the places; AD 37 :} leagues, 2.87230 


And ſuch ihould be the © ance by the pium Chart. 
Land, which "of f and ſind '9 
Lear from me Wyn : an. Davin jill :CR FX League, of” ther,l 6: 4 


. } . : 8 þ 
It beaYs from men WweoyV;: [| wonid K9w how 'ar 2s 1/7497, 


A« let E Th 1 pornt OT! | and, 
which when the (hip 15 at A, 1 D 
{ct and tin: d to bear trom me w 
by -, but I huid on my courle 
ftromAto D wsw 18 miles; 
and at D. Ifet the {ime pour fN > 
of Land agatn, and find it to © 
bear trom mc - w by :- : I demand the diſtance thereof DE, that 1s, 
how far it was trum mc my latt obtervation 

Firſt, | contider that berween AE the wby ns, and AD the wow t5 
three potzits ut the © omm-p4ls, that Is, 33 deg. 457 Mm. which 1s the angle 
at A: alſo between þ A, thee by s, and E Dthe 5e by e, are two 


, », « 
0. I) 7 AWAY W SW, 4 j:2 4 para, 


points, that if, 22 deg. 22 Mm. 
There'ire by the ſe of Plain Triaxs'er. 
-- ! | 
As line the angle atihe poin CF, ES : : 
- -Þ 22 Cep. 3© M. Cm.47. 041-16 
{cen, ( 
15 to the diſtarce run E D 10 miles, NILES 
: 
ſo line the 1nvic ar the nit ; 
\ 2 : 2 1A3; dev. 4 m *4 
P.4ce O07 OQervation, ( ” 
the the diitarice OT £1 KOINSISIL Ms Ii% | ] > 
, . RE , k ola \ © i ſ ' * 7 , ' . 
Wheroby it appear-. that the EuTance of the point ten tre 'h 
| | «1 "wp! 0 : 
Pace 0! your aſt ebſervation, is [6 mI.E. 2nd a ful! 2, | 1K 
j : * } You may Fit | the [1(tat LE [NETCUL: & \ » bidh 4 +a % * . i:if 


J 


, 
8 dT HEY 
Wink Th + #* 2 
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2 = 


ee. 


amt the courſe From the Lizard! + Sr: aries bes Ww, the diſlarce 
27! leagues. A certain j\ip baun. rom the Lizard to o Murr, 
ſteers a ray $5 WW, ard af erwardr w b 5, and (9 ſometimes MP0% #xc 
of thel, e paints, ſometimes 1991 the ner till ihe arrives at St, Ma 
1125 ; now | demand how many leags's (he hath ſailed upon one of the (: 

n pers ard how m4: y up” a the other ! 

t Abe the Likard, E Sr. Mariesand ſeeing 7 5 w being from 5 
two Fe makes an angle therewith ot 22 degr., 39 mM. which let be 
A _, alſo wby 5 makes with 5 ar angle of 3 3 degr. 45 m. which let 
be E . allo 5 5 w make, with w by s an argle c of 56 eve. 15 Mm, which 


let be the complement ot D to 1-0 degr. 


T h:yefore by the > Caſe, 


- O—_—_— 


As the line of D556 dogr. I; M. C9, Ar, 0.0801 ; | 
to the diſtance given ATE 373; icagues 2.5711} 
{o is the line of E 3;3dcegr. 45 Mm. 9.74474 | 
to AD :.\ +2. ieagues 2.3 96D: 
Which 15 the diſtance run upon the s 5 w point, 
Api; : 
As the line of D<:s dr. 15 M. co, 47. o.c$21; 
to the diſtance given ALE ;7<; c:gues 2.67283 
lo 1s the line ot A 2: deer 3c m. 9.58284 
tO the way run ED 17! $3482 


\\ hich is the diſtar.ce run u; 0n the w by s point, 
C. eA Merchait min veer g 14 thy ltitugeof 43 degrees, Fa/ls 3:9 
 orher things, take away his Sea- 
compaſs : But when be 1+ goites cow he |a ls away «s direiily ns ht 
' 
[2 


{ts 'f (ar, who alſs had bets 


L_ 


/ . # 
the bands of Vyrits , inn, ano" 0 
C 


can, and after tww2 dryer mines rithae 


the day 6:fre 14 ith: latitwde tt a; denr. andi.1d (aled thence Sev) 

s 27 {inuers He wet ins 19 lintith [e Prrate, the Merchant mas 

gelis h:\m.h er (irg 14.44 0 here they took bim,and he hai 

ſ/iled nee at le Co lergnrs b tween the South anditeſt : what 

cor [© , FL "I fan ;f ;; ar (> #9 5 1.4 th:[e P) "ats? 

[a AF (rare of 4: fegr D the place where the Ships 
niect, Thor there is given A! <. jeagues, £E D 37 leagucs,and the 


arvic DL A tive points, or 56 deer, 15 Mm. 
Tire Mt 


by the plain Sea Chart, 21 


T herefore by the g ( aſe of plain T1 rrangler. 


As ihe diſtance run by the : | 7 
Merchant-man, AD 64 leagues 09.47, 8.19383 


co line the angle given : 556d. 15m 9.9198, 
So is the diſtance run b 

the man of War, F C E D 37 leagves 1.56820 
co line an angle required, x A280. 44m. 9.08187 


That iswswG d. 1.4 m. ſoutherly , and ſo hath the Merchant-man 
failed ; thereforc to retvn to the ſame place, he muſt ſhape his couric 
ene6d.14Mm, tiorther!y, 


11 Theve ae 'wo Ports lying ne, ands Wore of anxther , a ſhip ſai's 
from (he weſler moſt of theſe Ports esC, 47 lrag. anordee departing 
from the eaſtermeſt Port, [auls 66 leag. ard th:n meets with the for « 
mer , what c:w ſe hath the: [ecord ſhip kept, and how far are theſe 
Ports aſunaer ? 


Let the North-eaſt Port be A,the South-weſt E,and the p'ace where 
theſe [hips meet at D, and-tora{much as trum E to A, the courſe is »e, 
and from E to D Eaſt South-caſt : theretore the ariglc at E 15 67 deg. 
39 m, and the tide E D 47 leagues, and AD 66 leagues. 


T hereto e bythe 9 Cafe of plain Trianger, 
And ſeeing trom AtoE , the 
As AD G66 leag. cs. ar. $.18c.45 courle is South-welt , ind trom 
co fine E 67 deg. 30m. 595561 AtoD 41d. 08 m. more Sou 
© ED 47 leag. 1.67210 therly;theretore the courſe from 
———- AtoD, 1s South ; dey. 52 wm. 
tolineAgrd 08m 9.81817 weſterly. 

Secondly, tor the diſtance of theſe Ports AE the angle at A, being 
41d.o+m. and the angle at E. 67d. ;< m. the ſum ot them both is 
10> d, ,$ m. which ſubltractcd trom 1 5c d, leaves the arpleatD 71 
q 22 M. 

T herefo'e by the * Caſe of plain Triangles. 


As fine E 5- degr. 3 © min. co. ar, v.03439 So that rf 
twoAD 56 leap 1 81954 oiftance butnicen 
fo line D 71 d. 22: m. 2.9760? the two Fi: 

eaados HS. Kay ©2g 
AF 67,; lea. yp T2c44 


Y SCir1C 
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Some may think it requilite , that the |atrer part of this Problem 
ſhould have been a diſtin&t Caſe in plain Triangles : hut becauſe the 
ſame things are here given as in the 9 Gale, and the operation maniteft 
by the $ and 9, Ithought it nor necefdary to maxe another Cale of it, | 


12 Coaſting along towards the Evening, have ſight cf a Caje or Head. 
land,leyond which 1 deſire to ſteer in the next Morning. ities fr on 
meS$SE, and us diſtant by eſtimation 11 leagues , ont 1 jt er .way 
Sewth, til twaof the Clockinthe Morning, abont 12 leag 65 , ani 
then w3uld how how the (ape tears from me and hay fr ut us off! 


As admit at A, I obſerve the D 
Cape D to bear trom me 5s 5 e-11 
Ieagues; but I (teer away South, 
t9 E 1: leagues. l have then AD 


—_— 


_— — 


I 1 leagues, AE 12: leagues, the —_— \ 
angle at A 22 degr. 30 Mm. A Tf - 
Firſt then for the angle at E by the ro Caſe, | 
As AE+AD 23 leagues compl, ar, 8.638258! 
two AE+ADo1 league, 
ſo:; (E-{-D)e 78 degr. 45 m. 10.,70134 


to tang. and Angle F 12 degr. 20 m. 9.3396: 

Which rs E 66 deg. 25 m. 

there remains 

In working this Example, becauſe the angle given A is 22 deg.zo' 
therefore the other two E and Dare 157 d. 3© m. ( by the 1 Lemma 
of the 3 Chapter of Plain Triangles ) the half whereof is 78d. 45, 
whereby we fnd an angle at F,1 2 d.2c m. which ſubſtrated from -8$ 
d. 45 m. there remains the angle at E 66d. 25 m. Wherefore ſeeing 
E A is a North line,E D is almoſt e » e,namely, e »e 1d. 5' northerly, 

Secondly, /or the diflance of the Cape E D by th: $ Caſe. 


As line the angle found, s E 66d.25 m. co. ar. 0.03788 
to the diſt, in the evening ; AD 11 leagues, 1.04139 
$0 the line of the ang. given 5 A 22 degr. 30 9.58284 
to the dift, in th: morning E D 4 £leagues, 0.66211 


That is above .4 leagues and an halt diſtance, 


13 Admit 


”— REO SY 
o 


= I. © WU 


it 


morn nm on 


— 


by the plain Sea Chart, I33 


Aimit | [4il away from a certain Ports SWScC leagues, ond there 

again W bys 3> leagues ; upri what pint have 1 made my we) 
good, and how fir ans | come from that Port ? 
As adinit I (ui trom Ato Ds rw oo leagues, and from Dto E » 
by « 3Þ leagues, there 15 required the courte A,or F,and diſtance AE. 
From the 5 5 w to the w by 5, arc tive points,that 1» 56d. 15 m.which is 
the complement ot the angle at D, to 180 deg. 50 that the angle at 
Dis 123d 45 m. Wherctore here arc given the two lides A D and 
E D, and thuir contained angle at D : Therctore, 


>4 


AsA D +tEDS- leagues C3. S$.-g6g1 
toAD-—ED :> leagues 1.30102 
lo 77 A+E):e28 FE Q.72512 
tO = 1. Joel 2624 


\nY hich Gul ub{t Sear 
A :odegr. 31 m. 


there 7emain 
Where ore "OE the courſe trom Ate D1ss 5 w, the courſe from 
AtoEis 2c d, 31 w. more Welterly, that i5 ; 2 deg. ſuutherly, {6 
that I have made iny way good 5w 2 C cg — 
See2% 4», for the diſtance upan that paint. 


As I ab; vard, EF A0 dew. il Ill. Co. ff, C4553 
a. yiry -» $4 * = Ls Y -” wv % 
to his oppo Ie g von * I 1) C oh: l.4/12 
{0 line the angle viver s D;-45deg.15m 9.glyS5 
I}% " $248 = eCliy 5 ; . « / 
- . . . C _ | * _—_ ww b y 
to kis oppolite fide requir. AE, >1, leagues L.S$251 


VV hich is the dittance trom hat Port, 

I4 £ here are two Ports in one and the [1187 par ai [ oy latitude ; ate 
ſtat 6 4 leicgntt; andinerets 468th [/; ind ore ſent ber!y, diſt cut 
from the Ejterm [' of theſe Pats 47 leagnrs, and from the (teſter- 
moſt of them 3.4 1: 1045 : | dewoand t Fu courſe from the E iferma: it 


, p/) 
i off to thu [ib ta] 0 


Let the Eaſtermoſt Port be A, the 93 
\Welterinoſt t , both in One and the % 
lame parallel A E,diltant 5 « leagues, hs 
and let the If]and be D, diſtant trom 
A 47 leag. and trom E ; 4 1e2g. there wa. 
I5 required the cour'e trom A ro D A 'S 5 


that is the angle at A, or the c om” 
ment thereot. & 2 E \ 
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145 
By the 12 (aſe of plain Triangle, 

As the diſtance of the Ports A E 6.4 leag. c0,47. $.19558: 

to the ſum of ADand E D +1 leag, 1.90843 

ſo is the difference of A D and E D 13 leag, 1.11394 
tO a certain line Al 16;3*2 1.2162 
which added ro A E is Ko 992 
the halt whereof is Al 40;2!! 

Then by th: ſixth C ſe of plain Triang er. 

As AD 47 leag. compl. arith, 8.3275: 
to Radius 
90 AB 4o 5327 1.6045! 


toscA,s583d, Frm. 9.9324: 
That is South-weſt and by Weſt : d. 26 m. weſterly, which is the 


courſe trom the Eaſtermoſt port of the liland. 


is A ip ſails from one Port to aſeconds 5 e 76 leag.and from then 
to athird 5 4leag.and from that third tothe firſt 55 leag. 1 deman: 
the courſe from the ſecand Port to the third " and Fran the third: 


the firſt ? 


This and the like are to be wrought as the former, Which therefor: 
we lcave to your own practice, 

Some ( as | have underſtood ) who dolittle of themſelves , by 
Cirp at others, and yet borrow of them, blame me tor ſetting down (0 
many Probl:ms ; but he tht knows how to number aright the queſt; 
ons that might be moved, kno vs that 1 leave untouched a far greate: 
Rumber of the ſame kind than thoſe I handle, tor 1 delire not to be te- 
dious at any time. Yet h+ that learns no mor? than needs muſt , wi: 
never be able to learn all that ; for wz do not tully underſtand a thing 
tl! we have throughly view'd it onevery fide, Theretore notwith- 
{tanding ſuch captious perſons , a5 take offence without juſt cauſe ; | 
!14!l for their ſakes, who well accepted my former labourt,add in this 
place five Problems more ( not handled by any other that ] know ) 
which bcing well underftood and conſidered, may be as an introduc: 


to many. 
7 Firſt, 


Ly the pliin Sea Chart, 145 


Firſt, ther it ts to be underſtood , thit a (hip fair g to windward, 
will ( a5 I remember ) uſually lie within c' poin's of the witd ( it 
it be ſomething more or lels, it matters not) yet by 1t6aſon ot her Lee- 
ward way, [he will ſcarce make her way good within 6; points of the 
wind, ſometimes more, ſometimes leſs,according as the Sea 1: rougher, 
or ſmoother, and according to the mould o! the ſhip, and fail ſhe 
bears : ſo that in ſailing to a place diretly ro windward, ſhe ſails uſu- 
ally three or four times the di%arce of that place before ſhe arrive at 
it. Lut it the place to which the (ai'« be rot directly to windward, 
but within a point, two,three,four,hve or (ix FOIRLS of the wind, then 
though the run to windward , as betore, yet ſhe will ſooner arrive at 
the place than betore: but how, ard 112 what proportion, tor the one, 
and tor the other, may appear by thete er ſuing Problems. As, 


16 Let the p13tion frem «Aro FH ( 1» (| is next fignre ) be South ' 50 
muiler,aud the wind at Sonthand aint the jrip intending to ſar! from 
A to B, makg her way gaol within 5 d. 31 1. of the wind (which 
u a 'meſ? 65 pants of the Comp (1 ) I demana how far (he muſt ſail 
pon one tack, and how f ur upon the other, be(ore ſhe arrrveat B ? 


Then A © being the [}.ips way , fo near the wind as ſhe can make 
her way go9d, and the arvie B ,*('1s 75 d. 21 m. whereto is equal 
the angle 4 6C(toreA { and 7 C croſs the ſouth line A B alike, 
or at equal angles ) the {vm 01 theſe two angles at Aarne Bis151d. 
c2', which ſubſtracted trom 1 fc d.leaves the arngleat C28d.55 m. 
and thus we have the angles v. the triangle 4 BC, and the lide eA B 


1co miles ; Say then, 


As lin? the angle: C 29d 58m. romp” arich, ©.51408 
ro ihe lide 41 Þ 100 miles 2. .CCCO 
ſo « the argle eA 75,52 0.98597 
tothe (ile BC 2e0 miles fere 2,3c085 


\W hereto is equa! the [ide AC ( becauſe the arg'es ar {and Baie 
equal } therefore I lay , ſhe muſt (ail with her 1 arbocd rack »Loord 


209 miles ( whether at one or many bootds ) and as much with he 
ey 
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Starboord rack aboord, in all 405 miles to come to B, being from A 
ON.Y LG nice, but direct! iy 9 Wind- Ward, Bu, | 

b-; (Saf FOEe P672108 from AtoB8t te Aa before) Seuih 1: mile, 4x 
th; wink 4: South;and admit 44 p/uiitng from AtaB (mautling 61 

vr 014y vaorda) d;th rus ;co miles viture je eannveach ' B, Lal 33 
1 FO witn: h: Lar-v.ard tack, aboard, ant 1 50 Wi: toe SCAr-board 
rack 45:14. [ dim ind how near to the wind ſis mates ner way god! 


Let tall from C a perpendicular 
to A B,namely, AD, which civides 
the ide A B into two equal parts,lv 


' my ER EEE EET ESD 
that AD and DB are each 5- L LT C 
miles, and ACandBCeach 150 


miles ; theretore in the right an- 


vied ria vie ACD, lay, A 
As the de AC 59 camp', ar.th. 2.232391 
to Radivs :; 
{o the I1de A D 5 2 1.59 97 
tothe argle DCA rg dep. 28 m. 9 52288 


Whoſe compl. -2 degr. 32 m. is the angle DAC, thevving that 
the makes her vvay good vvithin -- degr. ; 2 m, 0! the vvind, 


13 Let the adijt1r.ce from Ato E, in this xext Ut ms 1-0 miles 
South-weſt , the wind at Sourh , ond let the /:p mike her way goad 
within -© de Or, 32.18. of the wind : [ d:mand ho ditarce AC 
ani CE, that is the ſhips way by dz:d reckoning npou the 24e tas 
and upon the ather, 


Then A Þ being a South line ( or 
point 1pon which the wind 1s )the an- 
oieBAChTod 2 mtrom which !*-., 
{ubſtractiny B A FE 4 puints,or 45 d. : 
there remains theangleL AG 25 d. 
32 Mm. A2ain the complement of 
-o0d :;2 m. 1s 19 d. 25> m, Which 
doublcd is 38d. 55 m. the angle at 
C, and adding thelc two, namely, 2 5 
d. 32 m.aid 32d. 56 m, the Sum 


= Y «S% —_— 


NS ts 


ow 


cav- — Mo * wp - 


g—_— CO 


Ly the plain Sea Chart, 37 


15 64d, 28 m. the outward angle at E Thus have we the angles of 
the triangle AE C, andthe lide AE 100 miles. Say then, 


Ass:C33d. 56 co. ar. C.Qt1l>5i As C806.56'c9.a7, 2.20155 


toAE 10: miles 2.900 __ OO 2.20080 
losE646. 25 9.9553 7|losE AC? + if 

| ; — 
wAC1435% 201590} heE Count 1.23626 


Thus it appears , that to ſail from A to E, which is Southweſt 100 
miles with the wind at South, and niaking her way good within >© d. 
32 mM. Ot the wind, the mult ſ4il with her Larboord tack aboord near 
I 4. 5. mlles, and ! with her Starboors tack aboord near 6 $5. miles : In 
all 212*- Miles, that 15 ricar w5Ww A QUATTET point weſterly 14: — 
miles, andese 4 Guarter Of a point caſterly 65. miles. 


19 Let the d:ſlance ſfrim AtoE be 100 miles Southweſt , the wind at 
Somth , a jhip {els from AtoC, ſo near the wind as the cas; by 
1.43% miles, and from CroE 6**. miles: 1 demand hiw near the 
wind be wabes her way 9994 4 


Heretrom AC 14:.6 
ſubſtrat EC 69.6 
therereſts E B 75 miles 


T hen lay. 


As the [ide EB 75 miles cmp/. av. £.12494 
to - theangle BAE 45d. co m. 9.94945 
{o is the (ide AE 1co miles 2.000C0 
to - the angle at B -: d. 23 Mm. 9.97442 


\Whereto is equal the angle 1B A C, whence | conc]ude, that ſhe makes 
her way ov0d within -c degrees, 32 minutes of the wind, fo that 
the wind being at South, [hz makes her way good upon the one 
tack near w 5 w; point weſterly , aid upon the other e 5 e 4 point 


eaſterly, 


| have about 22 years paſt, in my Looke entituled, The Seamas's 
Pratlice,ſewed (hilt I think or any man, though {yme have touched 


upon it lince ) the reſolution of abuut a Cozen queſtions rouching 
Currents, 
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Cuar-:1';, | have added only this one in this place , leaving rhe ref: 

(wh oh ire many ) that might be moved ( touching a thip ailing in 

4 41/1, or out Of a Current, by a wind or large) to our ingenious 

© 0wUNg, N12N at Sza, tor their exercile at their leiſure, having ellewhere 

opencd curforily the method tor traming ſuch Qu.ſtions or Pro- 

biems, In Subjects Mathematical or otherwiſe. 

1 er ihe diſta co trom Ag t be ( a8 brfore) 160 miles S. mthweſt, the 
w: 1 47 South , anl 4{ urrent wrder the Lee-bow ſerting almoſt CSC, 
\ame(y, Southeaſterly 70 4 32 m. And admit a ſhip which wil makg 
Nev way J 294 witia f0 4,32 08 of the wind, ſails coſe Ly the wind 
*-7m 4 :2wards © three 4ayes, ard thenarr.,vicat E : 1 4 mand hap 
Tar The 14 s by d-ad rc hom g, ard low faſt that Current [tts ? 

Llere then the angie B 40 1875 | 
deg. 3» m, f.om which ſubltracting B 
RB 4 E + points, or q« deg there re- - *+. 
mains the angie E AC 254d. 32 m. 
Aad fecing the Current {ets accord- 
ing t9 the line © E B, Eaſt South-eaſt 
ealterly.name!y,South eaſterly >0 d 
:2 Mm. thereto:e the angleatB, 1s 
alio 70d, 32 m. to which adding 
B AC, the ſum 15 141 dey. 04 m. 
which taken trom two right angles, or 1 fo0d. leaves the angle A C B 
or A( E 38d. 56 m.to which addirg E AC 254. 32 m. the ſum 
15 the omwardarngle BE A 64d9.2% m. And thus we have the threc 
angles of thetriangle A EC, andthe fide AE 109 miles, whereby 
we may hrd 41C the diſtance run by dead reckoning, and (CE the 
dritt ot the Current, in manner following. 

As s At NA F6'co.47. 2C1 TrlAss A' E ied 56'co.ar. 201755 
tothe Ide AE 1<o mil.2.ceo j£0 the l1.e AE 102 mil. 2,000c6 
ſos BEA 6404. 23%% 9Y9y5537ifos EAC 25,902 9.63451 


LEES TP 


St a ——— 

tothe tide 4" 145; 2.15712;tothelide CE 6:%. y,9%3626 
, $M T | _ 6M , Os mt . 
Which 14; i5 the eiſtance run} Which 68;5miles,is the drift of 
by dead reckoning, | The Currentin 2 days,which is 
Aga'n, | almoſt a mie an hour, namely, 
' 13,01 a mile, or g, centeſmes 

; ofa mile hourly 
012 


_—— — 


W hw - 


F Mercator's Ch nt, 139 
Of Sajling by Mercatot's Cha t., 

And thus much o: the plain Chart , which as it hath this com 240 
City, that t11s moſ? ealiv : fo ut hath ſome diſcommoditics it.totler 2 
ble For there be very tew places that can therein be mariths . 
_ to their true [1tuation and diſtance one from anothi 
pr the prattice ot Navigation, f+ 
i bath cauſed much contulion in the Gecpraphicel and Hide rod 
pracal delcriptions ot places ; infomuch as there are |c:irce evtart any 
deicriptions ot the World, or the parts thereof, that arc 1 prttered! 
with notorious Errors, the preatelt part of them hence ing. - It 
15 indeed ancient, ard ti] the Sca- Compaſs was known, 1: w.5t 
apteſt Chart that could be uſed, becauſe till then Men wore Colliers, 
and tor the molt part returned back the ſame way thy went torth, 
And 1 may (til! f-rve without any great Error, In tuch pics as ar 
near the Equinottial , alſo in many other places tor {tort Vo! 
and even tor long Voyages, provided that x N! ;; be ture to yet 
the {ame Way that he went or near the ſame. Other wie it het 
tO the plain Chart, he wil be moſt groliy Eccerved MUrY times 171 
his Courte a point or two of the Compals, and In tis eritunce mon? 


/ 
% 


— 


ae Mites, But in thi> Sea Ch-rt called 1M:rcater s, 2 oe: any 
Pats « t the Wor!d m1 Y be fet down , 2CCorcing oth, IIS EEAUNSUTS 
Ws Coorfes, and Diſtances, as ruly and tar more Con eniert't 
tor the Mariners uſe, than upon the Globe it ſeit. Sorkin 

Iv 161 the direetion and d:itance trom place to plc, which Way to. 
ever a dM an goes Or returns, 

Some Mc \ wil ſay, that in Civers reckorings by ife c-ter « Charter, 
they have found as ntle certainty 25 by the plat Chart : which, | de- 
iy not ; but the reaton 1s,bccaule there are few or 1.0 Charts made &1- 
= V accord 3 to this pi t1 It will be (14, yes, there are mi4- 

«dif may have 6: them whenioeser he will bef} 
liem. | 2s \ 4 Man may have thute Which arc tv cailtd £ b 
Wiiich tb fuch deed , mutt nv Y have the \! Pa ; 
| RUMI» drawn according to this pre ' 
tilt be mfertcd by the itike 21 > nie ) Nic tv 
Det [eric to Ihe comm on Sea-Citart ; utherv , ne tf ? 
fanstcr PAS Out o: the common Sex Chart into Ye cas 
Ge knoWicdge and reipect upon What « 1, or for whit 1 
vere [9 paced 111 the CU Sea-* hart, he thavil 
| 'K 
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Errors of the one into the other , and that ſometimes With increaſe, 
\V here: orc it requires more than an ordinary udgement , to draw a 
plot dire&ly according to this projection , ior any place or places , 
and he malt further know , or be made acquainted with the r2ckon. 
ings of Mariners trequenting thoſe places ; and that truly whether 
with allowance, or without ; and whether agreeing, or diſagreeing 
with thcir plots ; and (0 comparing one thing with another , ang 
w-ighing all in the ballance of a good judgement, he (hall be able to 
do it, The ground 01 the projeciton of this kind of Charts was point. 
ed at by Polom; , many hundred years lince , and according to that 
ground , Afercator did of late years ſet torth an univerſal Map ot | 
the World , whereupon theſe have been called Mereater's ( hart, | 
But the way how to deſcribe them, was firſt taught by that learned N&z. | 
vigator of our times, M. Ed. Wright, in his Book of the Correttions (f | 
Erro5s in Navigation. From whence alſo the grounds and reaſon; 
of theſe enſuing Problems are tv be taken, and if we would be a | 
gratetul to our own Countrymen, as to Strangers, | ſee not, but we; 
may alcribe as much to lim in this, as any other Man. Now tha; 
which he hath thewed to pertorm by the Chart ut felt , we will here 
ſhew to work by the doctrine of plain Triangles, nling the help ot hi; 
Table of Latitudes ,; of which, as M. Gnter's Table tor the divilior 
of the Meridian Line, is an abridgement , conliſting of the quotient: 
of every t{ixth number, divided by 6, and two figures cut oft : ſo this 
which I here exhibit, and call a T able ot Meridional parts , 1s alſo ar 
abridgement of that Table of M. #r;gh:s : namely, every lixth num- 
ber , cutting off 4 figures. $0 that this Table ſheweth how many 
Farts every degree, and every tenth part of a degree of Latitude in this 
Chart, is trom the Equinoctial . namely, of ſuch parts as a degree ot 
the EquinuRial contains 60 ; he that dclires a larger Table, may uk: 
M, 1#T:/2heg extant in his Booke betorc mentioned. 


>< — | — 
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145 Problems of Sayling 


Tic wie of this Tile (hafl Partly apocar in the Probl-ms to! ow- 
1, ad may bill be wultrated thus, 
Prove te. 1 infor ths Table whit Neridg na! "parts are contarne!} in 
ary ferer.* of Lande. 


& x kethe Meridio!.4 Parts anfivering to each Latitude. ſubſtract the 
eilee 110m the ”_ ct; the remainer 15 the number of Meridio!na 


parts, Colitatned 17 the difference of | atitude "mJ »0led, 
a et the one Latitude be 5 > de J 
7 ) 5* Merid. parts, 
I he other T2 


T he Merid. parts contained 1n Ne. 1 
- L Tar 1417 Dijerexce 
ditterence 0: Latitude " 
Probi. 2. The Latiituirs and D:tiererce if Lo pitude f twa places 
given; to find the Rumb and Diſtance. 


| Tothe intent the appication may be the more evident , we will 
vive Oh 5 6 ot two places exprefled 1 In the Chart. 

As admit the Latitude of the L:zard to be 55 deg.00,the Latitude 
of Syormers lads, fometimes called the Bern:nd au, 32 © 5, and 
the ditterence of Lorgnude to be. 70 deg. ©, the Summers [ſ!a1ds 
ber g lo much to the \Veſtward of the Lizard : 1 demand the courle 
and the diſtarce trom the one to the other ? 

As 1n this right angled triangle A DB 
DY "t- 1 repreſent the L: 'zand, and AH the 
parallel thereof, D Summer /ſl ids, and 
D B the Meridian thereof. 
Then is there given D Z the ditterence 

A B of Lutiuſe 1- dey. 357, andAB, the 

G1FCIence ot Longitude FQ J&Y, OC * 

whereby the angles ard hypothenuſal thould be tound, by the 4and 2 
zſzs of plain iriangles. Evi becoule in this kind of projzctlon, the de- 
erees 0: Longurde an f Latitude 2re not equal ( except 1n places near 
the Equinoctial } tne degrees of Latitude at every parallel exceeding 
the degree: ot 01; itude, in ſuch proportion as the EquinoGtual cx- 


ceeds that p aralie\ ; theretore thele differences of Longirude _y 
Latiiude mull i fr --as Oe CA refled by {OMe One COmMmorn me. (ure. And ( 
'Or that purpoſe {+ : the toregoing I able, which thewer') how ma- 

ny 


LY 


? 


By Mercator's Chart, 147 


ny equal parts are from the EquineCtial to every degree of Latitude , 
namely, of ſuch cqual parts as a degree of Longitude contains 60. 

W herefore multiplying 70 deg. oo m. the difference of Longitude, 
by 60, I have 4200. tor the meridional parts contained in the dif- 
terence of IL ongitude , ſo ( by the laſt Problem ) 1 find the meri- 
Gonal parts contained in the difference of Latitude to be 1 417 ; ſo 
tha DB is 1417 parts, and A B 4200 ſuch parts. 

T herefore by the 4 Caſe of Plain Triangles, 
As the differ. of Latituce in parts, D B 1417 farts,co.ar. 6,34863 
i5 in proportion to Radius : 
So is the differ. of Longit,in parts, A B 4200 parts. 3.62325 


to the tangent of the Rumb, : D 719.21 m. 10.47188 
VW hich ſheweth the courſe from the Summers [[lands tothe Lizard 
tobeene3d. 51 m, caſterly, or from the Lizard to the Summers 
Iſland;,wiw3;d.5 1 m. weſterly. 
Secondly, for the diflance in the Rumb. 
Reduce the difference of Latirnde into miles ( multiplying the de- 
grees by 60, and to the Produdt adding the minutes.) 
Then by the 2 Caſe of Plain Triangles. 
As ſine complement the Rumb, - eA 13d. 39' co. ar. £.49514 
to the difference of Latitude: DB 1055 Miles 3.02325 


$0 is Radius 
to the diſtance AD 3:99 Miles 3-51539 

Which is almoſt 1100 Leagues, and this is the diſtance meaſured 
in the Rumb , there is a nearer Cut between theſe two places, where- 
of we ſhall ſpeak hereafter in Great Circle ſayling ; but here, when» 
ſoever we ſpeak of the diſtance of two places, we mean their diſtance 
meaſured in their Rumb. 

Probl. 2. he Latitudes of two places , and their diſtance given, to 
find the Kumb, aud difference 0 Longitude, 

Admit I fail from the Lizard, being in the Latitude of 5 o degrees, 
upon ſome point of the Weftward, 3299 Miles ; and then find my 
ſelf in the Latitude of 32 d. 25 m. | would know upon what point [ 
bave made my way good, & how much I have altered my Longitude? 

The ditterence of Latitude DB is 17 d. 3 5 m. Which reduced into 
Miles, is 105 5 Miles, 


V As 


— — — — 


148 Problems of Sayling. 
As the diſtance ſailed, AD 3299 miles, co.a” 6.%161 
5 in proportion to Radius : 
So is the differ. of latitude, DB 1055 miles 3.02325 


eo ſine compl. the Rumb, s A 18 deg. 39 min, 9.50486 | 


That is w£w 3 deg. 51 min. weſterly. 
Secondly, for the difference of longitude. 
Find by the firſt Problem what meridional parts are contained ir 
the difference of latitude, which are here 1 41 7, then ſay, 
As Radius 


to the differ. of latitude in parts: DB 1417 parts 3-151 


So is the tangent of the Rumb, te D 71deg.21' 10.4718! 

ro the ditfer.of longitude of parts, A B 4200 parts 3.6231; 

Which parts reduced into degrees, dividng them by 60, the quo. 
tient is 70 deg. the difference of longitude required, 


Probl. 4. By the Rumb, and latitude of two places given : to find ther 
diſtance and difference of longitade. 

Admit I ſail from the Lizard, being in the latitude of 5o deg. w 71 

3 deg. 51 min. weſterly, till I find my ſelf in the latitude of 3 2 dey, 


2 5 Min. I demand how tar I have ſailed, and how much I have alterc} 


my longitude ? 
The diftance is found , as in the latter part of the ſecond Problem, 
thus. The difference of latitude converted into miles, is 105 5 mile 


Say then, 
As (ine comp). the Rumb, s A 18d. 39! &, ar. 0.49514) 
ro the difference of latitude, D B 1055 miles 3.02335 
&0 1s Radius _ 


to the diſtance. AD 3299 miles 3.51835! 
And fo much is the diſtance: the difterence of longitude may | 

found, as in the latter part of the third Problem, ſaying, | 
As Radius to the difference of latitude in meridional parts : | 
ſo is the tangent of the Rumb, tothe difference of lengizade in 
minutes. 


Probl. 5. By the difference of longitude, Rumb, and one latitnde : it | 
find the other latitude, and the diflance. | 
Admit I faile from the Lizard, being in the latitude of 50 depg/ 
wiw 3dep. 51 min, weſterly, till I have altered my mus | 
V3 


: 


ty 


© <* 
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deg. how much have I laid the Pole, and how far ar I from the Li- 
zard ? 

Reduce the difference of longitude into minutes, by 60, and ſo it 
makes 4200 ; then ſay, 

As the tangent of the Rumb, t D71d.21'c. ar, 9.52829 

ro the differ, of longitude in parts : A B 42 00 parts 3.62325 

So 15 Radius, : . - 

to the difter. of latitude in parts. D B 1417 3.15154 

Now the meridional parts anſwering the Jatitude of 5o deg. co m. 
are 3475, from which (ubſtrafting 1417 here found , there remains 
2058, againſt which I find in the firſt Column of the Table 32 deg. 
25 min. which is the latitude required of that other place to which [ 
am come ; ſo that the difference of latitude is 17 d. 35 min, 

Secondly, for the diſtance. 

Having already the Rumb, and difference of latitude, it may be 
found, as in the ſecond and tourth Problems, ſaying, 

As (line compl. the Rumb, s A18d. 3yg' co. ar. ©.49514 


to the difterence of latitude, DB 1055 miles 3.02325 
So 15 Radius; . 
to the diſtance AD 3299 miles 3.51839 


Probl. 6. By the Kumb , the diſtance, and one latitude given : ts find 
the «ther latitude, and the difference of longitude. 

Admit 1 fail ws w 3 dep. 51' weſterly, 
3299 miles, and then find my felt in the 
laticude of 3+ deg. 25 min. I demand ge 
latitude of the place trom which I came, 
& the differ:nce of longitude between that 
and this { A 


Firſt, for the difference of latitwae. 


As Radius, 

10 he diſtance run : AD 3299 miles 3.5183$ 

So line comp]. the Rumb, s A 18d. 39 9.5048 

to the differ. of latitude, DB 1o55 Miles 3.02324 

Which 105 5 miles converteglygto degrees, is 1 7 deg. 35 the dit- 
ference of latitude required : added to 32 deg. 25', makes 50 


deg. :o the Jatitude of the firſt . 
The difference of longitude is tound as before in the third Probiem, 


laying, 


V 3a As 


190 Problems of Sayling 
As Radius, to the difference of Latitude in meridional parts : 
So is the tangent of the Rumb, to the differ. of Longit. in minutes, 
And thus the difference of 3.ongitade will be touud as in this Ex. 


ample to be 70 deg, 00. | | 
It at any time you deſire to convert this difference of Longitude | 


: 


found in any parallel into Miles, you may do it after this Example, | 
7 Admit there be tvvo places , both in parallel ot 5» deg. ryhich| 
differ in Longitude 70 deg. 00”: I demand the diſtance of they) 

tvvo places. 

Firtt, ic 15 to be underſto00d , that the minutes of Longitude in an; 
parallel, are in proportion to the diſtance in Miles , 25 the Equins 
ctial is ro that parallel] ; or as the Semidiameter 0! the one, 1s to th 
Semidizmeter of the other. Thar 1s, 

As ReCius is in proportion, 


- a ———— 


to line compl. the Latitude ; ic 50 deg. cc, 9. 808c'| 
S0 is the ditfexence of longitude, 420 minutes, 3.62 32 
to the diſtance in that paralle], 2700 nules 3.4315: 


— - — _——O—— _ ———_— - _— —— q 


Problems of Sayling by a great Circle, 


Cf"s the ſuperficies of the Earth and Sea is (pherical,theretore tk} 
the moſt abſolute vvay of Sayling 15 by the arch of a great Circk 
dravyn, or conceived to be dravvn on the ſpherical ſurface ot the & 
from plarsto place ; and qyervvays are ſo much the better, by hor! 
much the near4bgy approach thereto,or may be thereunto reduce} 
and nat 006" according to Mercator's Chart, is to; 
preferred before the Sailing according to the common Sea-Chart, bx! 
ing mare reducible to the ſpherical ſuperficies ot the Earth and Sc 
Neither have I at any time ſaid othervviſe, vvhatſoever ſome in Pris. 
vvould make me ſay vvithout any aflent or knovvledge ot mine.{t vii. 
be ſaid, that there is ſome more difficulty in Sailing according to Afr. 
cator's Chart, than by the common Sea-Chart , and ſomevvhar mor: 
difficult Sailing by the arch of a Circle,than by either of then: 
No doubt, ſince the fall of Man, fre are thorns and bryars, or dit 
ficulties encountring our beſt enffMors : But truth and exa&neh, 
though joined vvith ſome difhculty : is to be preferred betorc Error, 
though never ſoealic; alvyays endeavouring to make the mer 


by a great Circle. 50 


truth as eafie as vvecan. Therefore vve come novv briefly,to ſhevy the 
vray 0t Sailing by the arch of a great Circle, by help of the Deftrine 
of Spherical Triaagles,toraſmuch as there is no vvay diſcovered to the 
Worid more abſointe, 

In the tormer Problems ot Sailing, vyhether by the plain Charr,cy 
that called Aercators, vve have uſed Meridians, Parallels, and Rumbs, 
as the lides of every Triangle. But here vve uſe not the Rumbs (o, be- 
cau'e they are not Circles, but heliſpherical lines ; nor the Parallels, 
beciule thzy are not great Circles : vyhereas the tides of every ſphe- 
rical I riangle, muſt be arches 'ot great Circles : But here vve ulc arches 
of the Meridians, and of the EquinoSial , and of other great Circles 
dravvn, or —_— to be drayvn from one place to another, upon the 
ſpherical ſuperficies of the Earth and Sea, Firſt, theretore, 

[? two places lie wnder the Equizettial , their polition is Eaſt and 
Welt, and the degrees ef theic difference of Longitudes converted 
into Leagues or Miles is their diſtance in Leagues or Miles. , 

If two places be inth: ſame Meridian, thetr polition is North and 
South, and the degrees of their difference of Latitnde, converted into 
Leagues or Miles, 1s their diſtance. | 

And thus tar doth this kind ot Sailing agree vvith the tyvo former ; 
the ditference betvveen this and them , may appear in the Problems 
follovving. 


Probl, 1. T2 places being propeſed, the one under the Equinitt:al, the 
other in any Latitude given : and the difference of the Lon- 
gitude of the ſame places being a'ſo kuown : to find, 


I. Their meareft 4,feance in 4 great Circie : 
2. The direft portion of the firſt place frow the ſecoml : 
3. eAnlof the ſecond pl ice from the firſt. ; 


The angle that the Rumb leading from one place to another, makes 
vvith the Meridians , is ſometimes called the poſition of thoſe places : 
But becauſe the arch of a great Circle, dravvn betvveen tvvo places, 13 
the moſt direct vvay, and neareſt diſtance trom one place to the 
other : therefore the angles vvhich that arch makes vvith the Meridians 
of thoſe places vve here call the angles ot the direct prion of thoſe 
places one from another. 

Novy 
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Now in this Diagram , let D repreſent 
chat part of the entrance of the River of B 
A mazonts, Which lieth under the Equino- 
cial line; D B an arch of the Equino- 
Rial, and let A repreſent the Lizard, 
lying in the latitude of 5o d. oo m. nor- 
therly, and A B the meridian thereof; and A 
admit their difference of longitude D B 
ro be 51 deg. oo m. C 


Then in this triangle AD B, right angled at B, there is required 
A D,the neareſt diſtance of theſe places in the arch of a great Circle, 
the _ BAD, which is the angle of the dire&t polition of the Ama- 
wes from the Lizard , and the angle BD A, being the complement 
of the angle of the dire poſition of the Lizard from the Am1zones. 

1 For the neareſt Li fence AD. Seeing there are given the ſides 
AB and D B : therefore by the firſt fundamental Axiom of ſpherical 
triangles. 

s A D+ Rad. =1c AB+ 56 DB, thereforesc A B-|-5c DB 
— Rad. = ic A D, and ſoit falls into the 1 © Caſe, thus, 

The difference of longitude s DB 51d co «DB 9.79887 

The difference of laurnde s AB 50 00 «© AB 9.80807 


T he diſtance 14 AD 66 o8 6 AD 9.60694 
Which 66d. o8' converted into leagues, is 13225 leagues, which 
is the neareſt diſtance between theſe two places. 

2 For the dire(t pofition from the Lizard to the Amazonesnamely, 
the angle B A Dby the fame things given. 

s AB+Rad.=t D B-|-tcB AD, therefore s A B-|- Rad. — 
tDB=—=ticBAD,thatis s AB+tc DB=—tc B AD, abating 
Radius, and thus it falls into the 1 1 Caſe, and is wrought thus. 

1 he difference of latitude x AB 50d, co's AB g.834:5 

T be difference of longitude = DB 51 co tc DB 9g.g0837 

T he angle of poſition 15 BAD 58 11 tc ef 94,79:62 

3 For the dirett poſition from the Amazones towards the Lizard, 
namely, the complement of the angle B 7 A. 

s D B+-Rad.=s AB—+tcD, therefore : D B-|- Rad. —t AB 
— tc D, Therefore s D B-+tc 4 B=tc I, ſtill abating Radius, and 
ſv it falls into the 1 1 Caſe, and is thus wrought, 


The 


* 
: 
p 
t 


LE I OLE oe. ae ett. ao as A a 


”—_—__ _— EN 


4 —_ - 


— -—— PCW 


by a great Circle, 153 


The dfference of longitude ws DB 519.00 » DB g.80050 
The difference of latitude « AB 50 oo tc AB 9.92381 


The angle of Poſition ts compl, BDA33, op tc oQA 9.581431 

It you would have the letters in all Examples to agree with the ex- 
emplary Tables, you muſt mark your right angled triangle two ways, 
and the oblique l1x wayes, as we have before ſhewed ; and it will not 
be amiſs to do (o, eſpecially it you uſe thoſe Tables. But as I have 
betore ſaid , I would rather wiſh every man to deduce his operations 
from the two tundamental Axioms,and their ConſeRaries,in 1wch ſort 
as | have here thewed in theſe three examples, for the like is to be con- 
ccived in all others, though it be not expretled. Yet I have ſet down 
thoſe exemplary Tables tor all the Caſes jn all kinds of triangles , as 
well becauſe ſome others have in part done the like before ( though in 
a different manner ) as þecauſe a man may by them readily examine 
the form of his work. . 

The three parts of this Problem, and ſo the reſt that follow, might 
have been as well reſolved in the quadrantal triangle A D G : where 
G repreſents the North-pole ; the angle at G, the difference of lon- 
gitude, A C the complement of the latitude of the Lizard, ADG 
the angle ot dire& poſition from the Amazones to the Lizard, &c. 
As admit this laſt angle A D G were required : Then foraſmuch as 
there is given the angle G,being the difference of —_— and A G, 
the complement of the latitade ; therefore by the firſt fundamental 
Axiom. 

s G-+Rad. =tc AG-|-t ADG, therefore 5 G-|-t vA G — 
tADG, and thus it falls intothe Caſe of quadrantal triangles, 
and is wrought, as in this Example. 

The difference of longitude 15 G 51d. oo's G 9.85050 

T he latitwde 14 compl. AG50 cor AG 9.92381 


The angle of piſution is ADG3;; 07 tADGg. $1431 
The ſame might have been found in the quadrantal triangle, ADF, 
all which to handle particularly would be too tedious ; therefore it 
ſhall ſuffice hereafter to ſhew this application only in right angled 
triangles ; for by this one example ot Quadrantals , you may con- 


ceive the reſt. 


And thus it appears, that he which would ſail the neareſt way from 
the 
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the Amazenei to the Lizard, ſhould at firſt ſhape his courſe 3 3 deg, 
o- m.from the Meridian tothe Eaſtward, that is almoſt 3 peints of the 
Compaſs,namely,»e by ». Now admit the wind ſhould fo ſerve, that he 
might come away = e by »,yet it is to be underſtood,that in this kind of 
ſay iing,he is not to continue this courſe long, but to4hitt it as often as 
occation requires, ſtill inclining more and more to the Eaſtwards , 
which how it may be done, we [hall more exprelly ſhew hereafter, 


Probl. 2. Two places berng propoſed , the one under the Equinettial, 
the other in any latitude given , and the neareſt diſtance in a great 
Circle of the > 2p places bring alſo kwown, to find, 

1 Their difference of Longitude, 

2 Thediret poſition from the firſt place tothe ſecond, 

3 eAnd from the ſecond place tothe firſt, 

Let-the places be the ſame as before, and let there be given the dif- 
ference of Latitude A B 50 d, 00 m. and their neareſt ditance A D 
I 3223 Leagues, that is 66 d. 08 m. inthe arch of a great Circle. 

Firſt, then for the difference of Longitude DB, by the 12 Caſe of 

right angled Triangles. 


The latitude 15 AB 50 d. o0'co.ars AB 0.19193 

T he neareſt diſklancew . AD 66 08 is AD 9g.60704 | 

The differ . of longitndes DB 51 oO ic DB 9.79897 | 
Secondly, for the darett prſition from AtoD, by the 13 Caſe, | 

The latitude 15 AB god. of rtAB 10.97819 

The neareſt diſt 1nce 1s AD 66 08 rwAD 9.64586 | 

T he pofitzon us | BAD58 11s « A 9.72205 


Thirdly, for the direft pofition from D ts A, by the 1.4 Caſe. 
T he neareſt diftance #s AD 66 d. o8' co,ar, 5 A D £.0388: 
T he latitude ts AB 5o 09 ;:AB 9. 88425 


T he prfition 15 compl, BDA33 o7 s BDA 9.92 307 
In like ſort, if there were given the Latitude A B, and the angle of 
dire& poſition BAD : we might find the difference of longitude BD, 
by the frſt Caſe of ſpherical triangles ; the dirc6t poſition BD 4, by 
the ſecond Caſe, and the neareſt diſtance A D by the third Caſe, And 
thus we might proceed to trame in all 3o Queſtions touching theſe 2 
places , as we have before ſhewed in handling right angled ſpherical 
eriangles ; which things I kave to your own practice, deliring to uſe 
as much brevity as I may, Probl, 


= 
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Probl. 3, Two places propeſed beth in one and the ſawe latitude giver, 
and their d fference of lorgitude being alſo known : to find 
1 The neareſt diſtance of thoſe two places, 
2 The dirett poſition of the one place from the other. 

Admit there be two places, both in the latitude of 50 degrees 29", 
Northerly , and differing in longitude 70 deg. co' , I demand their 
neareſt diſtance in the arch ot a great Circle , and the direct poſition 
of the one trom the other ? 

In the 7 problem of faiting by Aferca- E 
tors Chart , there was required the diſtance 
of theſe two places meaſured in their paral- 
le] : but here is required their neareſt di- 
ſtance in the arch ot a great Circle. 

As in this example E A D let the two 
places be E and A, and let Dbe the North 
Pole, then AD and E D arecither of them 40 deg. oc*: namely, 
the complement of the latitude, and the angle E D 4 t5 the ditterence 
of longit. -0 deg. co'; there is required the neareſt diſtance E B A : 
and the direct polition one trom the other, DEA or DAF, tor 
in this Caſe thoſe two angles are £qua), 

And ſeeing E D is equal to A D, therefore letting fall the perper- 
dicular D B, the Triangle E D A is divided into two right argicd tri- 
angles, E D &, and A D B,which are every ways equal. Whrretore, 

Firſt for the neareſt diſtance E A, there 1s given in the right an- 
pled triangle AD B, the complement of the !atitude A D 46 deg. oc, 
and halt the difference of longitude A D B 3 5 deg. oC, whereby 1 
hnd A B 2greeable to the 5 Cale thus : 


7 be compl. of the latitude 1s AD 49 deg. o&'s AD 9.8c53c> 
Haif the differ. of lorgitudews ADB35 cos ADB g.rr$95g 
Half the diſtance 15 AB21 38s AB 9.56666 
W hich doubled 1s AE 43 15 And this convert- 


ed into mites, is 2595 miles, the nearelt diſtance of theſe two p/aces 

in the arch ot a great Circle, being leſs than their diſtancemeaſurcd in 

their parallel by 1 0.4 miles. 

Secondly, for the direct poſition DAB by the 9 Caſe. 

The comp! «of . he latitudes AD 4o deg. cc. 5cAD g.85z25 

Half the d ffer.of /angunders ADB 35 co tt ADB 9.24523 

The angle of poſition is DAB 61 48 fc DABy.72 948 
X \Wiic\ 
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Which ſheweth , that he which would go the nearcſt way from A 


to E, mult not go Weſt, though both be under one parallel ; but he is - 


at ficſt to [hape his courſe from A»w'n w halt a point northerly; ajter- 
wards w » w; and ſo by little and little w by » ; then Weſt, thicn w by ;, 
afterviards w 5 w, and at laſt w 5 w ; a point Southerly, 


Probl. 4. Two places propoſed, both in one and ihe ſame latitude give, 
and their neareſt diſtance being alſo kyown: to find, 
1. Their difftrence of Longitude. 
2, Fhe dirt poſition of the e place from the other, 

Admit there be two places, As A atul E, both in the Latitude of 5+ 
degrees northerly , and let their nearclt dilt:ncebe A BE 25g6 
miles, that is 43 deg. 16': I demand their diti.rence ot longitude, 

which is the angle AD E,and the direct po | 

lition of the one trom the other,namely, the | 
angle DAE, or DE A? | 
Firſt, For the diſjerence of Longitude, | 

pd ADE. Secingthat ABE 1; 43 deg. 16, | 
theretore A Bs 2 1 deg. 3S': wherefore by | 
the 14 Cale of right angled ſpherical Tri-| 


angles, I find A D E ghus; : 
T he comp/.of the latit, x A D 40 deg. 00.00.47, 5 AD o.191g; 
Half the diſtance « AB21 38 4+AB 9.5666; 


Half the differ. of lorg. ADB 3 5 O00 s ADB 9.75856 
Which doubled is ADE 70 co, the diffcrence of longi- | 
tude required, | 
Secondly, Far the dirett poſition D AEor DAB, Bythe 13 (aſe. 
The latitnde 1 the compl. of AD 50 deg.0o,tc AD 10,07619 
Half the diſtance u AB 21 3> tAB g.59835 
T he angle of poſitions DAB61 48 ic DAB 9.67454 
Probl. 5. Two places propoſed, both in one and the ſame latitude gioen, 
and the diſlance of thoſe places intheir parallel being alli 
known : to find, 
t. Their difference of longitude, 
2. T heir neareſt diſtazce in the arch of a great Circle, 
3. T heir dyrett poſition of the one from the other. 
Admit there be two places , both in the latitude of 5o degrees, 


Lo minutes northerly , and let the diſtance of theſe places in _ 
paralle 


_ a. Mis. hc 


e| 


by 4 great C rele, 157 
paralle! be 2700 miles; there is recyiired their difference of Lon- 
gitude, &c. 

We have noted before , thar as the ſemidiameter of a parallel is in 
proportion to the ſemidiamer of the EquinoRial : ſo is any number 
ot miles in that parallel , to the minutes of longitude, anſwering to 
thoſe mites: and if we ſuppoſe the ſemidiameter of the Equinoctial 
to be Radius , then the ſemidiamerer of any parallel is the ſine of thar 
parallels d.itance from the Pole, . that is the (1ne of the complement of 
the latitude of that parallel. Therefore, 


As ſine complement the latitude, 3c 5o'deg. 09, co,ar, 019193 


to Radin: 
So the diſtance in that parallel, 2790 milet, 3.43136 
to the difference of longitude, 4100 m les, 3.62329 


Which converted into degrees, is 70 deg. 29', the difference of 
longitude required. 

And thus baving tound the dittcrence of longitude , the neareſt 
diſtance, and the direct polition may be found as in the third Problem 
before oing , Which with ſuch other queſtions as might be moved in 
this Triangle A E D, I leaveto your own practice. 


Probl. 5. Th: latituderof tre places being given, together with their 
difference of long: uide : tofend, 
1. Their neareſt dijt ance in the arch of a great Cire'e, 
2. Th: diet roitun rim the juſt place !9 the ſecond, 
3. Aov4 from the ſecond place te the fir? 
_ As inthe Triangle ADE, Let A.repreſent 
the Narth pole, D the Lizqrd lying in the 
latitude ot 5© deg. 20 min. the comple- 
ment whereot 15 4 2 go deg. co mil), and 
let E repreſent the Summers [lands , lying 
in the.-latzznde or 32 degrees, 25 min. the © 
compiment whereytis AE 5 7 degrees, 3 5 ' 
minutes ; and let their difference of longi-* ** 
tude be 70 deg. © min. namely , the con- 
tained angle D AE: there is required the 
neareſt diſtance of theſe rwa places E D, 
and the ſeveral peſitions of the one from thi other ; namety, the a> 
gles ADE, and AED. So that here are given two lides AD and AE 
X 2 with 


— 
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on theig contained angle D A E: and firſt there is required the third 
ide E D. 

W herefore, according-to the CireRions, Chap. 5. of Spherical Tri 
angles, [ ler fall a perpendicular troa E oc D, tor (5 it wil fall from 
the end of a lide given, and oppeſite to an angle given, &c. As firſt, 
let ic tall from the point of the L1z.4r4 repreſented here by D, upon 
the meridian of Summers [lands AE ; and becauſe the angles at A 
and E are both of one kind , namely, both acute ; therctore the per: 
pendicular falls within the triangle. 


Then for the neareſt diſtance required E D, the way hath been tor: | 


merly to find it at three operations, thus : 
1. For the perpend. DB, by the $ Caſe of right angled 7 riangler, 
T be compl. of latitude AD# 4ed.com.s AD g.80807 
The differ. of longitude DAB#70 oo #5 A 9.97298 


T he perpendicular DB« 37 10 s DB g.7815; 


2. For the diſt, of the perpend. from the pole A Bly the 7 (aſe. 


T he differ. of /ougitude DAB «70d. oo m.s1c DAB 9.5340; 
T he compl. of latirude AD 40 oo t AD 9g.9238t. 
T he firft arch ABu16s on &t AB g.q5786 


Which ſubftrafted from AE 57 35s, there remains 

the ſecond arch EB 41 34 | 

3. Having found D B,and E B we may find E D by the 10 Caſe, thu, 

T be perpendicu/ar DB 37 deg, 10 m. 5& DB 9g.,gerzg, 

The ſecond arch EBs 41 1s  & ES 9.87401| 

The neareſt diflance EDus 53 24 56 ED 9.77540! 

Which 5 3 d. 24 m. converted into miles, is 3204 miles, or 1068 

leagues ; and this is the neareſt diſtance required in the arch of z 

preat Circle, 

Note. And thus in any oblique ſpherical triangle , when the que- 
ſtion is ſuch, that it requires the perpendicular to be let fall, you may 
reſolve it at three operations, by the Caſes of a right angled triangle | 
only : the manner how, is of it ſe}f ſo manifeſt , that it ſeemed ſuper- 
fluous to handle it particularly. Wherefore, as before in the Caſes | 
aud Problems of this nature, ſo in thoſe which follow, it ſhall ſuffice to | 
ſhevv their reſolution at tyyo operations ; vvhich, as it ts much readier 
being vvell underſtogd,(o it is ſornething harder to be underſtood than 
the former, 4. p : 


uird 


Ii 


om 
rſt, 
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Firſt, therefore the complement of the one latitade being A D 40 


d. and ol the other AE 57 d. 35 m. and the difference of longitude 
D A E -- d.vve may hnd the neareſt ciſtance E D at tvvo operations 
agrecavle to the 3 Caſe of oblique ſpherical triangle ; thus, 


T be d.ffrrence of longitude D AB uw 700. co is D 4B g.z 3405 


The complem, of latunds ADu42 oo t QAD 9.92381 


The firſt arch E AB u16 ort eAB 9.45786 
Which ſubſtrated trom AZ 57 35 there remains 
the ſecond arch FE nn” 

A fine compl, the firſt arch, ic AB 1c 16 deg.o1m. Cc.o1719 
to fine compl. the ſecond: WEB jc 41 34 9.8740t 
So the (ine of the /(atitude ic AD 58 590 o©9 o0.884:5 
to fine compl. the diſkance WED 1136 36 9.77545 
Therefore thearck E D is 53 deg. 24 m. vvhich is the diſtance of 


theſe tyvo places in the arch of a great Circle ; and this converted into 


leagues, 15 10683 o—_ as betore, 


Secondly, by the ſame things given : to fixd the dirett poſition of the 


one place from the other. 


As firft, to find the poſition from Summer; Iflands, vvhich ſuppoſe 


to beat E, to the Lizardat D. 

Here according to the ſecond condition of 
letting tall a perpendicular, Chap. 5. I let it 
fall trom the Lizard at D, that ſo it may be 
oppolite,not only to the angle given at A,but 
alfo to the angle requiredat E, And then 
agreeable to the tourth Caſe of oblique ſphe- 
rical trianglcs, I firſt find as betore A Bro 
be almoſt 15d. 1 mand EB41d, 34m. 
then | ſay, ass A Btos E B, ſorc Atote 
E. Or it you vvou'd not vvork by their com- 
plenient : Say, 


As ſine the ſecond arch, xs E B4qid, 34 m.co,ar. c.17816 
to pre the frft arch, s AB16 ol 9.44044 
So the zang. of the longit, t DAE 70 <0 10.4339} 


to the tang, of direct poſe, © AED 48 47 
Whereby it appears, that the angie ot poktien from E t 


+> 


I0.05753 
ovvards D, 


's 
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is 48 deg. 47', that is, from the North part of the Meridian E A 4 
points 3 deg. 47', namely, ne 3 deg. 47' calterly. 


4 Thirdly, By the ſame things givee, 16 find the di: eft p?/ition 
1 From the jecond pl.1ce ro the firſt. eAs from the Lizard to Sum- 
mers Iſlands. 


Here the work ditters not from the former, 
provided , that you jet tall the perpendicular 


dep. oo, theretore | ſay, 


T he firſt arch AB#u2:8 16 e MA 9.73126 
Ki Which taken from AE 4o 00 there remains 
| The ſecond arch EB 11 2, Whereby the anple ar 
| E is thus-found. As: AB, tosEB: ſorc A, torcF, or to ſlum the 
'Y complements, 


P '0 fone the firſt arch: 1AB28 12 9.67445 
| So the tangent of the lyngit. t A 70 03 10.433g5 
| | ft) the tang. of direft Poſition er 81 08 I 5.806 34 


| 
{Ar Which is the angle of the dir:& poſition from the Ercavd toward 
jt Summers [lands , being from the North part of the M-ridian to the 


Weſtwards 7 points of the Compals , and almoſt a quarter, thart is, | 


And thus it appears, that he which would fail the neareſt way from 

Summers Iſlands ro the Lizard, mult at firſt ſhape his courſe »e# 

Eaſterly, afterwards by degrees ne by e, then e ne, then e by », then 

'F Eaſt , then Faſt Southerly, &c. as we thall more particularly ſhew 
| hereafter, and the likeisto be underſtood at other places. 


| But 
q 


' whbyn2 deg. 2;' Weſterly, 


ſo, as it may be oppolite to the angles given | 
and required. As inthis Triangle, let eA be | 
the pole, & the Liz.vd, D Summers Iſlands, | 
the perpendicular I let fali from Dro B, that | 
ſo it may be oppolite to the angle given at «A, 

- and to the angle requiredat E, Thenis AD | 
FJ A 57 degrees 35, AE 4odeg.oo\, DAE 70 | 


q 
f ; 
| i The differ, of longitude D AB u 70 deg. oc, 5s DAB 9.53405 | 
| The comp!. of latitude AD #57 35 t AD 1o.19721 | 


As ſine the ſecond arch, sEB11 dep. 42', co ar: 0.69296 | 
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But here, after the firſt part of this Problem was wrought, namely* 
after the diſtance? ot the two places E and D was found, the angles of 
politton from the one to the other , might have been more readily 
tound, either of them at a lingle operation, avin this following Pro- 
blent. 

Probl, 7. The neareſt diſtance of two places, with their difference of 
lo-gitn.le, and one of their [atitwde, given : to find the d1> 
rect poſition thereof from the other. 


As adinit a d'{Lince in a yreat Circle from the [.:2 27d to Summers 
Iſtt ls , namely, tromEtwoD, to bes it was betore tound 1058 
l220:4e5, Or 5; deg. 24' ; and let their difference ot longitude E 4 D 
be © deg. « -', and let che latitude of the Li2.w,d be 5 = fey, oc}, 
whoſe com; lement & 1 is 40 deg. oof; there 15 required the direct 
polirion trom Summers [Lands tothe Lizard namely the angle 4 DE. 
Then doth this problem come under the ſecond Caſe of obliqueſphe- 
rical Triangles, and is thus reſolved. 


A; ine ane of the diſtance 


stED «5; deg. 2.4, co.47, O.095 38 
of the paces. : : CIT VL 7 9) 


ro /ine thier differ, of langit. s DAE 750 CO, # 9 97299 

Se [ine compl.the latuudrof f; 4 E 40 00, c.So$ :7 
19 0re place gryen, : 

tothe /ine of the divet pi 2, ADE ,% a4? 9.82643 
tizn from the other. c | 


V\'hereas there is a minute difference b<erween the arch betor: 
found, and this ; it may ariſe by neglecting ſome ſeconds or parts of 
a minute in the work, which here we regard not. ; 

In like manner , by thr complement of the other | unude given, 
A D, we might find the direct polition trom the /.54 ard ro Summers 
Iſla:ds, namely, the angle A ED. | | 

And thus we might proceed to frame many other queſtions in this 
Trianvle to the number ot 65, wuching th- diſtance , difference of 
longitude, latitudes , and angle ot potition of theſe two places which 
will not be hard to him that underltandeih what we have before delt- 
vered touching oblique ſpherical Triangles, 

And what hath been (aid touching theſe two places , the fame 
is to be conceived vi any other two places dittering 1n their a 

wacs 
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tudes and latitudes. And though the one place ſhould have latitude 
Northerly, and the other Southecly , yet is the operation little diffe. 
rent , for ſtil] the arches of their Meridian intercepted berween them 
and the neareſt pole, are two (jdes of the triangle, che arch of a great 
Circle intercepted between the two places is the third (ide ; the an» 
gles contained between that arch and the Meridian of either place, are 


the angles of polition; and the angle comprehended between their 


two Meridians, is their ditference of longirude. Therefore paſling 


over theſe, we haſte to ſuch things as more neceſſarily concern the 


praQice of Sailing by a great Circle. 


Probl. 8. To find by whit longitudes and latitudes the arch of a great 
Circle doth paſs. 


We have ſhewed before how to find the diſtance of two places in | 
the arch of a great Circle, as alſo the angles of direct polition trom the | 


one to the other; here is required the longitudes and latitudes, by 


which that arch of a great Circle duth paſs. 
As in this Triangle, Let A be Swm- 


theſe places; it is required to thew 
the longitudes and latitudes by which 
this arch A E doth paſs, 

Here it 15 requilite to let fall a per- 
pendicular trom the pole D, tothe 


quire) which let be D B, then firſt to 
find the length of that perpendicular; 


Ing had, every other qu. ſtion will fall 
In right angled Triangles , and fo be reſolved by the addition of two 


numbers only. ; 
Firſt then for th- perprndicular D B, there are given the hypothe. 


nuſal AD 5-deg. 35", ard the angle of pufition at A was betore 
found 48 deg, 48' ; therefore by the $ Caſe, 


The 


: 


4 
: 


mers Iſlands, E the Lizard, AEan! 
arch of the great Circle palling by | 


P 
: 
: 
[ 
[ 


arch AE ( extended 1t need fo re- | 


4 ll 


I ae i 
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The complement of latit wile ADis57d 35 rAD $g.9264; 
The ans ef poſi tron A 13 48 48 i A 9.87645 


Th» perperdicul tr DB is 3 26 +DB y.no:83 
And chis 39 d. 26 min. 1s the comp[anent ot the greateſt latitude, 
by vrhich the great Circle A B E doth pals, theretore the greateſt 
obliquity or latitnde trom the Equino&tial of that Circle is 50d. 34. 
Second/y, fur the angles ADB and ED B, by the ninth Cale. 
The lat :ude 7s the comp!, of AD 32 d. 25 «« AD 0.72922 
The ang'c of direct poſicrons Ag, 48 © A 10.05778 


”— — T—————  —_  - 


Tre angle at the perpe rs, is ADB 58 31 ic ADB g9S>8700 

And ſeeing the vvhole A DE is 70 deg, 00', therefore he angle 
ED?Zis 11.4. 29 m. So that for the greateſt Jatitude of this Circle, 
vvhich 15 B, vve have found the difference of longitude from E to 
ED3 119.29 m. and from theangle ADB58d. 31 m. 

Noyv th: lit, rence oi longitude from Aro E, namely, the angle 
ADE being 7 7 d. co m. let u be required to find by vvhat latitudes 
the arch «A E doth paſs fo revery tenth degree of longitude from 
eA. As ſappoling the point Ito ditter in longitude trom A 19 deg. | 
\yould kngw the! atitude of the ſame point I. 

Here fecing vvc have before found the angle ADB to be 5< 

31 mM. and the wr ce ADT being by ſuppolition 10 deg. therefore the 
angle {DBis4S  Gegr. 31 m ard the perpendicular DB vve tound 


bet: »re tobe 39 degr. 26 m. by ri hich vve may find the complemern 
of the latitude D 1 accordit 9 tothe third Caſe, thus. : 

The ang'e DBA 48 & 521 e FW _ g.Sarty 
I he propendicn.ax 8 39 26 ic DB no.-84yv: 
[ be lutitaie the compo? DB +8 js te D/ g go604 


In like manner, ſuppoling the point O, to ditter in longirnde trom 

o degr. >© in. V 30 degr. M. 4c degr, N 50 degr. we thall find 

the latitude of the point O tobe 43 degr. 54 MM. the Laurude of V 

49 Cegr. 5.4m, the lattyude,or M 49 degr. 04 m. and the latitude of 
Na d gr 15, 

Nere. For every of theſe (i; ferences ot longitude propoſed , we 

_ 1! 6:d rhe dictanees and angles of poſition con;rartwiſe ,, for 

ny diftererice ot latitude given , we might find the difference 0! (6n- 


gituce, the l1{tince and angle of policivn : and tor any diſtance given, 
ie 
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we might find the difference of longitude and latitude , and the ang!c 
of poſition. A'l which vvill be ealily performed by him that is a lit- 
tlc exerciſed in ſpherical triangles. 


Probl. 9. To find bow far Proan _ the arch of a great Curcle, 
) 


and bow much he (hall alter hi longitude and latitule, be- 
fore he alter his courſe any number of degrees propoſed. 


- We found before, that the angle of polition at A was 48 d.q8 m, 
tewing, that he which would (ail tram Summers /lands, here repre- 
ſented by A, to the L1z.ard at Fg the directeſt and neareit vvay , muſt 
at firſt}1ape his courſe trom A North-calt 3 d. 45 m. Eaſterly. Yet 
he is not to continue this courſe, but to incline by degrees more and 
more to the Eaſtwards, &c. Novv then I demand, Hovv far a man 
fails from A in the arch ot a great Circle, betore he alter his courſe 7 
d. 27 m. that 1s, before he may ſteer avvay » e by ec, and hovy much 
ſhall he firſt alter his longitude and laticude £ 

Suppoſe he may firſt come to 1, before he alter his courſe 7 d. 27 
m. then is there required the diſtance A 1, and the longitude and lati- 
tude of the point I, 

Here it is requilite , that the perpendicular D B be knovyn , vvhich 
vve before tound tobe 39 d. 26 m. alſo the parts of the baſe AB and 
E B, vvhich vve may find by the ſeventh Cale thus, 

The angle of poſition gruen A 1s 48 d. 48m.ic A 9.81868 
T he complement of lantude AD is 5979 35 tAD 1c.19720 


The baſe ABis 46 03 t AB 1o.01588 
Which taken from AE 53 24 
there remains E B 7 a 


Theſe things premiſed, we come to reſolve the queſtion, And eon- 
fidering that the courſe given at 1, is »e by e, vvhich rumb makes vvith 
. the meridian an angle of 550. r 5 m. therefore in the triangle D 1 B, 

the angleatI is 56 d. 15 m. and the perpendicular DB is 39d. 26 
1m. whereby we may find I B by the (xth Caſe, thus. 

The angle of poſition given 1 56d. 15m, es DIB g.82489 


T he perpendicular 1s DB 3s 26 DB g.g1507 
The baſe « IB 33 20 :IB 9.73996 
Which taken from AB 46 03 


there remains Al iz 43 


Which 
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\Which converted into leaguzs, is 2 5 4; leagues, and (o far you are 
to (ail from Ainthe arch of a great Circle , betore you alter your 
courle 7 dzg. 27 min. And in like ſort you may find it tor every 
lingle degree to be ſuch, as by this Table appeareth. 


—_ — — - ————_— 


poſition. 
deg.min. 
43—48 
49 —49 
FO—48 
jI—4S 
ſ2—481]0 
7} _ 
34—48 
55—4d 
56—1 5 


4m 


4: g-min, 


(, 
25 —43 
DP ew 
> BD — © 
IO0—35 
I2—04 
Ll 2—4 


Where you may perccive, that having run trom 
A towards E by the arch of a great Circle 2 deg, 
2 min. that is 40} leagues, you alter your courſe 
one degree more eaſterly than you began. \Vhen 
you have run 3 deg.5 6 min. you alter your courle 


7] 2 deg. 0o min. &c. as inthe Table. 


Now for finding the longitude and latitude of 


-[any of theſe points, it may be done by help of 
| the perpendicular , and angle of polition given. 


As it there were required the longitude and lait- 
rude of the point | , there is given in the triangle 


'[1D B, the angle of polition at I, and the perpen- 


dicular D RB, wherefore by the 5 Caſe | ind the 


*| complement of the laticude D I, and by the 4 
"1Caſe the difference of longitude D B I, the angle 


B D A being before known. 
But notwithitanding all that hath 


hitherto been (aid, it may ſeem hard 
to dirett a ſhip, and to keep (uch a 
reckoning as may be agreeable to 
this method ot failing by a great 
And indeed, as it 15-In a 
manner impoſſible , ſo neither 15 it 
neceſlary , that a ſhip (hould always 
perſevere exattiy 1n the arch of a 
It may iuthce, 2nd 5 
almoſt the ſame in. ette&, it a {bip 
be ſo directed that flie go near this 
arch. Which, how it may be done, E 
and that with tacility, we come now 


Circle. 


great Circle. 


2 ſhew 1n this next Problem, 


Prob! 
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Probl. 10. How a man may dirett hu courſes, and keep hu reckoning, 
that nov!d ſail near the arch of 4 great Circle, 


That this may be more plain , we will briefly repeat ſone things 
before handled , ſerving tor this purpoſe ; and firſt, ſuppoſe the lati- 
trades, and the differcnce of longitude of the two places to be given , 
then may yu find their neare{t diſtance in the arch of a great Circle, 
and the angles ot the poli:ion of the ane trom the other , as we have 
thewed in the lixth and ſeventh Problems betore going. And thus all 
the parts of che Triargle propoſed are known , namely , the three 
arvles, and the three l1des. : 

Secondly , you may tind (as we have betore ſhewed in the eighth 
Problem ) by what longitudes and latitudes this arch of a great 
Circle doth paſs, namely, the arch that goes by the two places pros 
poſed ; and this you may do for every fitth degree of longitude , or 
tor every lingle degree, if you will take thar pains : or it your dif- 
tererce of latcude-be more than your ditference of longitude, yon 
may d9.it for every fifth degree ot diftcrence of laticude, or every 
lmgle degree. 

Thirdly , upon a Chart or Blank lined with Meridians, Parallels, - 
and Rumbs, according to Mercator's Projection; you may prick down 
all the longitudes and laticudes found as aforeſaid , by which pricks 
you may draw arches, which thall repreſent; the arch or the great 
Circle paſſing by the two places propofed : or it you only draw right 
lines from one prick 10 another,it may ſuffice. Which arch being thus 
deſcribed on that Chart or Blank , you lhall eaſily fee thereby what 
courſes to ſhape, and how to keep yonr reckoning, ſailing ſo near that 
arch of a great Circle as you ſhall think convenient, 

It may ſeem impoſſible, that this arch of a great Circle, being upon 
the Chart or Blank a curve line , ſhould be a (horter paſſage berween 
two places, than the right line drawn on the Charr from the one to the 
other : Bur he that vvel{ underſtands the ground or projeRion ot this 
Chart, vvill be able of himſelf to reſolve this Paradox ; toraſmach as 
the degrers of latitude by vyhich the arch doth paſs, are greater than 
the degrees of latitude by which the right line doth pals : whence it is, 
that the degrees contain:d in the arch, are tevver than thoſe contained 


m the right line; therefore toproceed, 1 
ct 
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Let us take for Example the tvvo places before mentioned, namely, 
Summers /ſland;, lying in the latitude of 3 2 9, 25 m. and the Lizard 
inthe latitude of 5d. 00 m. andlet their difference of longitude be 
7 © degr. 

As in this Diagram, let E repreſert 
Summers /ſlinds, D the [ izard, A the 
North-pole: Then is A E the comple- 
ment ot the latitude of Summers INands, 
F-d, 35 m. A D the complement of the 
latitude of the Lizard 40d. D AE their 
Gittcrence of longitude 70 d. o» m. By 
vWhich things given, vve may find their 
neareſt diſtance E D, as in the ſixth Pro- 
blem thus, 


To ſixe cov plement DAB that u, te ſine comp!. 70 d 00 

Add the tangent of AD that s the tangemt of qg© CO 

The ſum 15 te taugent of AB that i the tangent of 16 ©1 

Which ſubſtratted from AE that », from 57 35 

T here remains EB 41 54 
Then 1 ſay, 


Als ſine complement AB that u, ſine complenyent 16 d, 01* 
to fine complement E B that is, fine complement 41 34 
So fine complemens AD that us, fine complement 40 ©9 
to ſine complement ED that ts, the ſine of 36 36 
Therefore thearch ED xm gg a6 


Which is the diſtanee of the Lizard from Sammers Iſland: in the 
arch of a great Circle, namely, 1068 leagues. _ 

This done, vve may fhnd their poſitions one trom another, namely, 
the angles at E and D by the ſeventh Problem, ſaying, 


As ſine ED 53 d. 35 m. to line DAE 70 d. com. 
So line AE 57 d. 24m. to line ADE $1 d. c8 m. the 
direct polition from the Lizard io Suavmers Iflands. Alſo, 
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AsficED x3; deg. 24 min, to line DAE 79 dg, ©> min. 

Sq line AD 40 deg, 01 win. to line AED 48 deg. 48 ſecynds, 
the direct polition from Swmwers [itrds ro the Livard, And thus 
are all the lides and ang!es of this crian gle diſcovered. 

Secondly, by the $ Problem, I hnd by what longitudes and Jati- 
tudes this arch t. D muſt paſs, tor which the farmer perpendicular 
D B is not apt, theretore in the foregoing triangle, page 165. let A 
repreſent Summers {jlanis, E the Lizard, D the North-pole, 
and let a perpendicular,tall trom the pole D, which let beDB: and 
draw certain other meridians, as DI, DO, D V, &&c. And fo pro- 
ceed in all points , as in the 8 Problem , to find the length ot this 
perpendicular, and the angles at the perpendicular AD Band E DB: 
and laſtly, for every. ſeveral longitude from A, fnd the latitude 
an{werable. LThus ſupppoling the point I to differ 


( Longit. 


4 | Eat. ;in longitude from the point A, 5 degrees, that is, 
from ſuppoling the angle A D ' tobe 5 degrees, welhall 
[08 EN . find the latitude of that point I to pe 5 deprees, 
eg min\leg min. -2 min. or ſuppoling that angle ADI _ I © 
6; [degrees , we thall find the latirude of that point I 
OO—CO ho *>lto be 38 degr. 51 min, and ſo of the reſt , as by 
wy —  *|this Table appears. 
£0 *® 3] Thirdly, I draw a blank according to Mere t- 
gh +* 24ors projection ( which may be done either by 
120 435 34h. rights own Tables, as he hath thewed in his 
"5 . iBook of the Corrett:on of Errors in Navigation, 
= ww ot Chap. 5. or by the abridgement thereof , which I 
. £ ?[ hare before placed , and called 3 Table of meridi- 
[3 bl b onal parts ) ſo as there may a meridian be drawn 
”— he _ "*Iby every fifth degree ot longitude, In which 
EEE. — blank, I ſet dovvn Summers /ſland:, and the 
43 {4 df Lizard, according to their Jatitudes, and dit- 
bet | i nf; ference of longitude before given, and in the 
5 ng meridian, that 1s 5 degrees to the Eaſtward 
)* 2? of Summers Iſlands, I make a prick or mark at 
i. [|-, +136 degr. 52 min. of latitude; likewiſe in the 
Ho _ +: [meridian that is 10 degr. to the Faſtwards of 


— —_ 


Summers Iſlands, | make a mark at 35 ce- 
grees, 51 minutes of latitude ; and fo I proceed vvith all the reſt, 
a$ 


keedbet MS. = & 
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as by this Table 1 am directed. Then by theſe pricks or marks 
thus made on the Blank , I dravv the arches.of Circles or right 
lines from one to another, and ſo (hall | deſcribe a curve line on 
the Blank , repreſenting ſo near as ſhall be neceſſary, an arch of the 
great Circle paſſing from Summers Iſl inds to the Lizard, Ard it 
it were don? tor every fingle degree ( as here it is tor every hitth 
degree ) it would come nearer the exa&t truth, VWhich curve line 
being thus deſcribed on your Blank, you thall thereby ſee vvhar 
courles to ſhape, to keep as near it as yu think good ; and you may 
ſer dovyn your reckoning on that Blank accordingly. 

As having drawn the aforeſaid curve line apon the Blank , ac- 
cording to the ſeveral longitudes and latitudes expreſſed in the 
foregoing Table; I ſee by that Blank, that I may firſt ſhape my 
courle from Summers Iſlands, ne half a point Eaſterly about 200 
leagues, fo (hall | have run my ſelf into the latitude of 38 de- 
grees, 45 minutes; and have altered my longitude 9 degrees, 30 
minutes: From thence again, 1 ſre I may fail away ne bye; or 
if I vyould not come near the Bank of New fownd-land, | may 
ſhape a more eaſterly courſe; bur ſuppoſe I ftill delire to keep 
near the arch of a great Circle, then I ſay I may ſayl away ne by e 
2 00 leagues, and (0 ſhould be in the latitude of 41 degr- 32 minutes, 
and have altered my longitude 14 degrees 56 minutes. From thence 
again | may fail e » e halt a point Northerly 165 leagues, and then 
ſhould be in the latitude of 45 degrees, 2 5 minutes, having altered my 
longitude 2 4 degrees, 5 8 minutes. From thence again ſayling ee 130 
leagues, I hall be in the latitude of 47 degrees, 54 minutes, and have 
altered my longitude 3 3 degrees 42 minutes. From thence & = e halt a 
point eaſterly 88 leagues, in the laude of 49 degrees 11 min. and 
difference of longitude 40 deg. 5 min. From thence again if 1 ſail eb » 
70 leagues, I ſhall be inthe latitude of 49 degrees, 5 2 min. and have 
altered my longitude from Summers Iſlands to the eaftvvard 47 degr. 
22 Migutes, And thus being near the parallel of the Lizard, I keep 
in the ſame parallel, ſailing Eaſt, till I come right oft from it, which by 
this reckoning ſhould be 4 x 7 leagues; and ſo the vvkole diſtance from 
Summ:rs Iſlands to the Lizard, according to theſe courſes , ſhould be 
about 1070 leagues, going over the Bank of New-fonnd-land. Now, | 


fay , coming into the latitude of 49 degrees , 52 Minutes, or there- 
abguts, 


wo—n=Gyy — 3) A, 
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abouts, though by my reckoning , well rectified by obſervations, 1 
tind my {c1; ro be {HY ihort of the L148, about 517 leagues: yet | 
tollow no; the great Circle any turther, but that | may the more ccr- 
tainly tall witch the place intended, whether Secy or the £:4ard,l keep 
my lelt in chat parailel; and the rather, b<Cauſe the reck 5nings outWard 
and homeward , ot Voyages made to this and other places of the 
W-j/-Indies , do tor the moſt part diſagree much, \Vhich diſagree» 
ment ariſeth par:ly by the currant fetting homeward trom thoſe 
parts; but chiefly b<caule thgle reckonings are Kept upon the plain 
or common Sea-Chart; which Chart, except a man return the 
ſame way home that he werit our, is commonly lubjc&t to groſs 
|. rrors. 

And whereas | know , that the molt part are wholly addicted to 
the uſe of this Chart , ſome allo d&ipi.ing all others, and may haply 
be ottended char 1 thould thus tax 1: with grols Errors; | thall make 
it appear ( parily in this preſent Exanipie ) that I do it noc without 
juit caule, 

In ſfayimg trom the L124 to theſe Iflands, and 1» to other parts 
of the #e/r-Indies; Men common:y run tar to the Sourhwards , 
as ſometimes into the latitude ot 2:0 degrees, (omenmes more 
Souwherly , to get a Wind ; but coming homewards, their courſes are 
commonly. more Northerly than the Rumb leading trom thence 
home. But in this Example tollowing , let us Keep a mean; and 
to make lhort, (uppole a man thould ſail from the L144rd Sourh-welt 
near 5-0 leagues, and then find himſelf in the latitude ot 32 de- 
grees, 20 minutes, and trom thence YWett 782 leagues till he find him- 


felt direly South trom Summers /[lands, and about two leagnes oft; 


Th-n by this reckoning on the yn Chart, Summers //tinds (hould 
be diſtant trom the [ 124r4 11S leagues in a {traight courſe. Now 
admitting this reckoning outward bound to be true, and theſe 
places to be thus lituated on the common Chart ; let us ſuppole the 
reckurinyg honiewards to be alſo Kept on the ſame Chart. And becauſe 
com!'..' home nen keep to the Northwards, let us luppole that he 
ſtezrs away »c 14)t 2 point eaſterly 2co leagues; then ne by z 1c7 
leag''w;; ene it a point Northerly 165 leagues, en e 13C leagues; 
Ealt. North-E.. thait a point early 88 leagues ; Ealt and by North 
70 \eagu2s; #.de 315 leagues. Then by this reckoning upon the 
plain Chart , he ſhould be thort of the Lizard about 155 


I&azur *, 
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leapues. Whereas by a true reckontng, he ſnaould be as far (i;ort 1 
the Lizerd. And herce it is, that they which come trom ther.ce, ard 


other parts. ot the '#*f- /x {tes ( making no allowance ) are xt home 
before their reckoning ſymetiines 225 leagues and more. For 4 mans 
reckoning by the piain Chant, makes him thorter than he thould be by 
16> leagues; fomctimes more, and fomcrumes !efs., and the current 
may put him tor wards 5 © or 60 leagues more, tv that his Slip may 
be above 3 OC leagues betorc his reckoning. 

And thus much at preſent , touching the three principal kind; or 
Say ling : which, | hope, ! thall have opportunity to handle more tully 
hereatter, With ſome other things ot itke nature ; and to correRt juch 
taulits as may peradventure bz here committed through haſte. 
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Fcauſe in the praRtice ard application of the doctrine of 
1Triangics,it 15 often requiſite, that the Suns decimation 
be known, I have thought good here to place four Ta- 
bles thereot : The firſt ſhewing the Suns declinations 
tor every day of the firſt ſour years after the Leap- 

- years; namely, for the years 1649, 1653, 1657, 
1651(,16G5, 166y. The ſecond, for the ſecond years atter the Leap- 
years ; for the ſecond years after the Leap-years; namely, for 

\5-,1554,1595$,1662,1666,1670, The third for the third years 

atrer the Leap-years ; nimely, tor 1651,1655,1659,1663,1667, 

1-1. And the tourth, tor theſe I.eap-years 1652, 1656, 1660, 

1654, 168, 1672, according as they are expreſſed in the head of 

2h Table, And becauſe the obſervations of our Countrey man Mr. 

© tw 4right, are not ( as] taken ) intertor to any other at this 
day extant, therefore | have drawn theſe Tables out of his, reftifying 
them by Proſthapherelis for theſe next enſuing times. 

To theſe I have added ( chiefly for the uſe of Seamen) Rules for 
riding the Latitudes of places by the declination and meridian alti- 
tide of the Sun or Stars; and a Table of the right aſcenſions and 
declinations of about 74 principal hxed Stars , calculated according 
to their Longitudes and Latitudes ſet down by Tycho Brahe, eAnns 
(6-2, with allowance for their motion cf Longitude, or for the 
proceſſion of the Equinoxes for the year 1660 compleat. I have 
alſo noted at what times of the year theſe Stars will be upon the Me- 
ridian at tour of the Clock in the Morring, whereby you may readi- 
ly ſee when they are in ſeaſon to be obſerved for finding the Latitude 
by which alſs you may conjeture their other times of being upon 
the Meridian. For the Star which in any day propoſed is upon the 
Meridian at Four of the Clock in the Morning , will about fifteen 
days after be on the Meridian at Three of the Clock in the Morning, 
«nd abont a Moreth after at Two, &c. wherein alſo Mariners uſe to 
tclp them{!yes by their Compaſs , whereby they ſee when the Sun 
or 
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or Star is near the Nietidian, Such as Cefire the exact time of 4 
Stars coming to the Merician for any day , may ſubtract the righe 
a(cen{ion of the Sun ror that day from the right aſcention. ot the Sar 
( adding thereto, it need require, Twerty fuurhours ) the remainer 
thews huw many hours it will be atter Neon, Leture the Star be 
vpon the Meridian, 

The Suns right aſcen{1on for any day,may be tour! by hi; deci;nati 
on for that day, by the reſolution ot a right angled tphernical Triang.c, 
25 Of the Triangle Y F Qin the general Scheam ot the third Chz- 
per of Spherical Triangles, Bur I have anrcxcd an | xact Iibic of 
the Suns right aſcenlion at the end. 

Alſo for the Stars near the Equinoctial, I have ſet Cown ( int, 
tourth Edition ) their Longitudes and Latitudes, fo that the Moons 
place may be diſcovered by her Longitude from any of them , elpe- 
cially being in her Ninetcenth degree ; whereby the Longitude v7 
places on the Sea or Land may be nearly gathered. For the pertor- 
mance whereot , I intended to have handled the Moons motion, 2n«| 
to have ſet down the beſt ways | have thought upon; but other urger: 
vCcalions have hindred me. Notwithſtanding,it you tind by ſome cxa&t 
Ephemerides the Moons true Longitude at the time ot obſervation, 
and obſerving with meet inſtruments her Longitude trom ſome ot 
thoſe Stars, and withal] the hour and minute ot the Night ( which by 
the right aſcenlions and declinations of the Sun and Stars may be 
known ) you may nearly gather the difference of Longitude : For 
which cauſes, | thought it not ſupertluous to ſet down their Lorgitudes 
and Latitudes, and an exact Table ot the Suns right aſcention, though 
| cannot proſecute the reſt at preſent , alſo by the Longitudes 2nd La- 
tirudes ot the Stars, their right aſccnlions and declinations may be 
examined, 
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| {22-30 TOTIof3 ot x 5/2 58.51 22|18.47'15 23.2410 
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In the Whales jaw the brighteſt 
3\Meduſa's head, or Algol 
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= *þ - 04 «(48 &. Ahe. Deel: _— 
n Tour Name: _ |. ln , _ milk m : 1] 
MICE great oy, 1:11 his mouth — Siog27'$39,30) ob C £5; 51816; in ,O0.t:5,25 
| _[[- ch-v ver head ot the I'wins _ 3:01- >z92/t © BILEE 13 q|Nov. 2 
:[The |c{ſer Dog (ſtor, 1,1C \$25gjare, 2-0;-4,-;i| Vov. 4 
»{[1i the lower head Pollux is 2 351aj=6,351 11,1 nl; 8.4>\Noev. 5 
:}{lydra's heart :2,37 822,12 41137,479, >, Nev. 36 
it yons heart : 5,04. ©,26114" ,360, 2,3 5jDec. | 
z|L yons neck 455 1 28,47{15Cc, 1 8]. '31\Dec. ti 
Seaſon z[L yon; back 6,33M14,: - wht ono Dec, 23 
: 1 Cyons tail $* 550m, 1 Gy 22,5501 647 1 Ki Dec, J1 
ſe] pVirgin {ike lo, 286 o1,5g)htg6,; 3/809,31 _ 23 
faly + I{LFAcurus my q22j210,15A: 1,19} ev", C 
ah 2/S0uth ballance (0,23 0,:26218,06@1 4,2 * Febr. 14 
July * :|North ballance Ui4,40,No8,3 5 124,458: $04) cbr, 21 
Jo) g 2\[n the Crown the brighteſt 27,3c|n[4442 312 30,060): 7,5; febr. 27 
Pr 1;Scorpions heart F 135,93 24,2 71242415 (25434 War. 12 
4 z\In Ophiucas right toot 15,5 3j0ſo2,16]z 54,55 2030| Mar. 26 
FL. "| Inthe Harp the brighteſt 10,3515 !,48[276,24m38,32| Apr. 15 
9. tecdes here alas Vultures :7,01[N|29,221293,35W08,03| May 6 
5.4 iD. L hins tail 09,24 29,05j304,'8 tC,H5 ſay 17 
PL 21m: the Swans tail 20,46}M5 9,571307,311N44,07| May 2c 
F3.S 2 |\V ater-pourers leg XKlog,1418/o3,101339,14 17,37 Jure 20 
-=c.3þ 1|Fomahant 3 :9,040/21,00/339,3$&31,:0ju-e 20 
eff. | 2{[n Pegaſus leg X[24,4: 31,9813 4154/N 26,19;Tune 22 
Sepr. | 2'In Pegaſus ſhoulder of $,48/019,26342,01f0; (3,25 June 23 
lee 1 2 The head of Andromeda vic 9,391 25,42/35 7,4-10 \telfuly 5 
nu 2 In Pegaſus wing, the laſt V4 ,3oln 12435; Hanes Þ G 
Otte.. 
Otteb. 
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Oftob, 
Oftos, : 
ob. { 
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Stars near the North-Pole , their right 


| Aſcenſrons, Declinations, ana. diſtance 
| " .* . 
| fromthe Pole, Anno Chriſti 1660 
| complete, with their Seaſons for Obſer- 
| vation. s. 
= |R. Aſc. |[Decls, Diſtan! Seaſons. 
E The Names of the Stars. 4. m. (dd. md. m 
| 3/In the breatt of Caſſiopeia {505.29]54 42135-18ful. 16 
-The North-{tar 008.04[57.31 22.2g9\Jul 18 
;,[n the hip of Caſſiopeia 029.1615 8.54131,06\Jml. 19 
3,1n Cafliopeia's knee 016.05|58.27131.33)f#l. 26 
| | '3j1n Caſſtopeia's cg 022443 51.59 28,01| Ang. 2 
| | 2\In Perſeus right ſhoulder 040.0915 2,09|3 7-51] Ang, 2c 
| 2,n the great Bears fide 16c.o9]58.11131-49/Dec. 20 
2.In the great Bears back 160.37]63.34]: 6-26|Dec, 20| 
| 2\[n the great Bears thigh 173-52|55.35|34-25\Jan. 1! 
3/ln Dragons cail,che laſt but one |1 75.56|71.37|18.23]Jan. 4 
| 2|[n the great Bears rump 179-37]58.54 ages 74 | 
| 2/Between her tail and the Lyons |1 88.5 *|40.3-149.23!f4n, 16 
2/Firſt in the great Bears tai 189.4115 7-5c|32.10|fan. 16 
| 2|The middlemoſt in her tail 197430|56:443133-17]J47. 2 
2\[n the end of her tail 203.30[51.03]35.57'fan. 30 
2\[n the bending of Dragons tail [209.34\65.5 g[24.01/Feb. 5 
| 2[The foremoſt guard 22244517 5-361 4-22 Feb. 19 
3]The hindermoſt guard 231.09,73-18|1 6.42|Feb. 28 
'H- 3\[n Dragons head foremoſt 260.44\52.35 37-25] Apr. 1 
AF 3|[n Dragons head hindermoſt |:67.12'5 1.37]; 8.23] Apr. gf 
| | 311n Cepheus girdle 311,09 2169.08 2045 g, June 2| 
* | 3{In Cepheus left foot 333-5364.15]25.16'/Fure t5 
| ;|[n the baek of Caſſiopeias chair 357.5 457.15 open} o8 
| Rales 


Rales for tinding the Latitude or Poles elevation by the meridiin at 
gender of the 544 or Stars, and by the Table of their Declinaivons 
beforegrins, | 

Caſe 1. /f the Sun ar Star: bt on the Meridian to the Somthmardr, aud 
hav: South dee{ination. 

Add the Suns declination to his meridian altitude , and taking that 
total trom 9 degrees, the remainder is the Latitude , or the Voles 
elevation Northerly. 

As admit upon the 10 of Fexwary, 1649, I find by the foregoing 


Tables, The Suns declination Southerly 2 0 deg. co. 
The Suns meridian altitude by obſervation 17 FF» 
The (um or total is 37 5. 
Which ſubſtratted from 89 60. 
There remains the Latitude Northerly F2 © 5. 


Bur when you have added the Suns declination to his meridian alti. 
tude, it the total exceed go dep. fubſtratt trom it ge dey. and the re- 
mainder is your Laticude to the Southwards. 


As admit the Suns declination to be Southerly 20 dey. 11". 
The meridian altitude by obſervation 70 IP 
The Sum or total is 90 ..- 
From which ſubſtrating go _ OG, 
There remains the Latitude Southerly "00: a6 


Caſe 2. If the Sun or Star be onthe 1qridzan tothe Somthwar (s, 
aud bave North declination. 

SubſtraR the Suns declination from his meridian altitude, and that 
which remains,ſubſtra& from 9godeg. then that which remains, is your 
Latitude or Elevation Northerly. 

As admit upon the 26 of April, 1649, I bnd 


The Suns declination Northerly 15 dep. or, 
ihe meridian altitude by obſervation 64 22, 
lhe remainder, ſubſtra&ing the declinatton,is 49 21, 
Which {ubſtraRted from 3g 60, 
There remams the Latitude Northerly 40 39. 


Caſe 3. If the Sunor Star be an the Meridian tothe Northwardr, 
anihbave North declinatie, 
Add the Suns declination to hi: meridian altitude , that total take 
from 9o deg. ard the remaince s your Latituds Southesly , or the 
Elevation of the South Po'-, 


Bur 


But when you have added the Suns declinatio:1 to his meridian al. 
titude, it it exceed 9 degrees, ſubtiraft trom it go degrecs, and the 
remainer is your Latitude north.riy, 

Caſe 4 If the Sun be to the rorthwards at Noon , and bave South de- 

C ination. 

Subſtratt the Suns declination from his meridian altitude, 2nd that 
which remains, ſubſtraR from go degrees, then that which remains 18 
your Latitude ſoutherly. 

Theſe Rules might have been ſet down divers other wayes , but 1:t 
this ſuffice. And what is here ſaid of the Sun, 15 alſo to be underſtood 
of the *tars being upon the meridian, 

5, If yon chance toobſerve when the Sun hath no declination, 

Subltra& his meridian altitude from go degrees , and the remainer 
is your Latitude, 

6. If you chance to obſerve whin the Sun or Star # inthe Zenith, 

that u 90 degrees above the Horizon. , 

Look in the Table for the declination of the Sun , or of the Star, 
and the ſame is your Latitude. 

7. If the Sun come to the meridian leneath the Pole, 

Ir you be within the artick or antartick circle, and obſerve the Sun 
epon the meridian under the Pole, ſubſtrat the Suns declination from 
90 degrees , the remainer is the Suns diſtance trom the Pole , which 
diſtance added to his meridian altitude, the ſum or total is your Lati- 
tude or Poles Elevation, 

And the like is to be underſtood of the Stars , for which cauſe 
touching the Stars that are near the Pole , we have expreſſed in the 
foregoing Table, the complements of their Declinations, that is, their 
diſtances trom the North-pole, 

If therefore you obſerve any of the Stars upon the meridian be- 
neath the Pole: add to its meridian altitude found by obſervation , his 
diſtance from the Pole , the total is the elevation ot the North-pole, 
or your Latitude Northerly. 

If you obſerve any of thoſe Stars upon the meridian above the Pole, 
then Ge the mcridian altitade ot that Star (ubſtraCt his diſtance from 
the Pole , the remainer is the height of the North-pole. Or out of 
the Stars diſtance from the Pole , ſubſtra& his meridian altitude , the 
remainer is your Latitude ſoutherly. 
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The Epilogue, or Concluſion. 


| NV handling the Doltring of Trianglei,] have not (it down all that 
[ mig ht,but this I have chiefly endeat/oured according to mw) ſlender 
ability, namely, to found it wpon ſuch Axiom, as eight be few in 
number , eaſie for memary, ready t9 prattiſ: , and conſonant to the 
nature of Logarithms - yet [o, as they might alſ7 direit the operations 
by natural [ines , tangents and ſecants , and (ik;wſe by tuſtrum: nts. 


In the demonſtration of thiſe Anioms, 1 have lalgured to be briet 


and perſpicuorm, In deducing the caſes from them, ! have opened the 
method how it ts done . ard of all the queſtion; 1r:C4den:t an er er} caſe, 
whereby the Reader may receihe the (ihe in any triangle propaſed. The 
Examples I bate ſet d;ws 1n ſuch ſort as might Lit manifeſt the ope- 
ration, and be a miſt ready way of pratiſe. The application [ bave 
artly (Fewed in: handling the caſer, but further tn a (urelt wherein 
all th: Problems of plain and Spherical Triangles may aptly , ordie 
narily, and to good purpoſe be uſed. The Tatles I have joordered, 4s 
{ thought might be mojt eaſie ard reidy for ordiniary wſt , according to 
th: method I have uſed. Many var eties that might have been feew- 
ed, Ihnuc pr poſcly ynmiited, that 1 might wa: [rem tedicows. As 1 
have \hew'd from one grou'nd bow tovejalte all the caſes and queſtions 
of a plam right angled [riengle a8 bath been uſed befare, Vkereas 
for the fifth caſe where the baſe and pripendicular are given ; to fiut 
the hypathensſ.l : M1, Briggs hath |r:ewel a mare peculiar way, in his 
Arithmetica Logarithmica. chap. 19. JS {1#2w:ſe 1 bave ſhewed the 
reſo/4ti9% if the twelfth caſe, (where three ſides of an oblique !»;- 
angle are given: to find an ang'e ) by an Axiom brief, cafie, ani the 
fame in eff: that hath beer. long uſe for that purpiſe : whereas nt 
mph have been lone, and that peradueriture a 'uttle more [predily, by 
ſuch Bray as my be gathered from Mr. Briggs bis Arithmetica I o- 
garithmica, chap. 1 , though he doth nat expreſly bardle it. But then 
[ concerts the Rule wan!d 15: have been fo eat for memory, xov [o 45- 
plyabe to inſtrumental operations, which I intended 'vieftiy ng touch, v; 
et her acc 1lion; had mit hundred. Tet fince wider [tanding it won'd have 
been accept abie ts divers, andveing very ap: for the Aritbmeiical 
Wat. , [ h.wve thigh: ga2d here (2 pl.:; ett, 
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The Epilogue. 

Mcr. Briggs hath ſhewed Chap. 18. {-Q. 3 and 5 having the three 
ſides of a T riangle,how to find the Semiditer of th: inſcribed Circle, 
and any of th? angles thus, or to this efteet. 

Subſtra&t the three (ides ſeverally from halt the perimeter, and 
note the remainers then hi:[?, 

B. As half the perimeter 
C. to one of the remainers 
D F. ſo 15 the rectang]. 0! the other two 
GG. tothe ſquare o! the Semidiamrer of the inſcribed Curie, 


Secondly, 

C. As one of the foreſaid remainers 

G to the Semidiameter of the inſcribed Circle 

R. ſo 1s Radius, 

A. to the tangent of halt the angle oppoſite to that remainer, 

theſe he hath there demonſtrated. 

By the firſt of theſe it is evident, that As Bro C, fois D FroGG; 

and mu'tiplying the firſt and ſecond by the ſecond, as BC to C C,fv 
s DFtroGG: And alternately as BCtoDF,fois RRM AA. 


that 1s, 
B C. As the retangle of halt th: perimeter in one of the fore- 
ſaid remainers ; 
DF. isto the reftangle of the other two remainers , 
R'R. ſois the ſquare of Radius, 
A A. tothe ſquare of the tangent of half the angle oppoſite to 
that firſt remainer. 
Thus being limited, that I cannot conveniently in this place 
demonſtrate by words at large , this Algebraical dedyftion 
and demonſtration may ſafhce , which to the learned in that 
xtnd will not be obſcure : Hence then. 


The three files of a plain Triangle being groen ; we may find any 
ef the angler. 


Sub - 


The Epilogue. 


Subſtra%t the three lides ſeverally from halt the perimeter, notin 
the remainers. Then to the complements arithmetical of ha! _ 
perimeter, and of the remainer OPp0: ite to the angle required p A 14 
the I ogarithme of the other two remainers, halt the ſum o' theſe ſow 
is the tangent 01 halt the angle oppoſite to that firſt remainer. 


As |ct ADE be thetrian- 


D 
gle Whoſe three lides are g1- ſt 
Ven, 
AE. WY let. there \ 


A D. 156pbe required « Fw 
E D. c>5 YtheangleaD © g 
The perimeter 420 

half the perimeter 2 1 of C0. Ar, 7.67778<7 
"74 AE 1%g remains 21. co. ar, 8.67>55-7 
ſab9cah AD 155 rem. 5.4 logar. 1.7323937 
LED o75 rem. 335 logar, 2.130333” 
d, 20,21$2888 
to 8: D. IO.10g1 444 


which doubled is 1©4—1 5 the angle at D required 

Note , that the {ide oppolite to the ar gle required, which is here 
AE. 184 being ſubſtrated from halt the perimeter 210 , the re- 
mainer 21 is that which we have betore called the remainer oppolite 


ro the angle required, 
2. Example. Let there be required the angle at EF. 


Halt the perimeter 210 C0. 4r, 7.6777867 
.i\TAD r56rcm. T4 C9. AT, $.267606 3 
_——— AE 18g rem. 2 1 logar. 1.3222193 

a E D O7F rem, 13% logar. 2.1; . +327 

d. 19.397 9400 

26—}4 e:E 9.69897c0 


Which doubled is 53—908 the argie at FE required. 


Now whereas | have here, and in ſundry plac's of thus Bock, cited 
At-. Briggs b:s Arithmetica I ogarithimica, (left 1 may ſeem to abuſe 


the Readey ) you are 10 wnderffiand not the Book pur forth cout 4 
moaeth 


The Epilogue. 

moneth fince in Engliſh, as a Tranſlation of hu, and with the ſam; 
Title , being rothing like his, nor worthy br TAME but the Bok 
which him{elf put forth with thus Title in Latin, being printed aq 
London, Anno 1624. And here | have juſt occaſion te blame the ili 
dealings of theſe men , bath in the matter before mentioned, «nd iv 
prixting 4 ſecoxd Edition of his Arithmetica Logarithmica i» Lativ, 
wh.l/t he lived , againſt his mind ard liking ; and brought them 94 
ts ell, when the firſt were unſold; ſo fruſtrating the additions which 
Av. Briggs intended in his ſecond Edition, and moreover leaving out 
[ome things, that were 1 the firſt Edition, of ſpec.al moment. A 
practice of very ill conſequence , and tending to the great di[conrage- 
ment of ſuch 45 take pains inthi kind, | 


F 


EAR ATM 


ps 6 line 3. for 23 1cad 32, 1.5, for number, r, that number. Page 8. |. 5. 
r. ChareQeriſtica], |, 9. r. 10,c006000. !, 26. for therefore, r. thereof. ay: 
IT. ult, r. chareQcriftick Page 50. 1, 15. r to the ſine, Page 71.1: 4. for 170. c. 
107, Page x14. ). 34-1.9,6699420, Pay. 148, |, 12. for of parts, r. in parts, 
Page 153. 1, 29.!. latitudes compl, 15, Page 163. l. 29, tor DB, r, DI. Paz: 
163, |, 1. r. as far ſhor, 


| 
LI 
| 
| 
| 


' 
' 


| 


i 


 6©c.7781512 


15 4(.1790912 


Cun1 SS 8asG 21 


NumiCoga oparithm. 


-- ——O— 


10, r>0nopo5f 36 
2:2.331930c 

304477121 2| 
42.602 060C 
512.098970C 


719.845 0989 
80.9030g00 
9,9-95342425 
I > 1.00909000 
111.0413927 
121.07919%12 
I31.113943” 
14:1.146120c 


— - —-- -- - 


16'1,2C41 2 oC| 
17/1.2 394439! 
18;t,2552725 
1911027875 30 
2011-2210 300|_ 


| 
| 


30 1.4771212 


-3311.5185139 


351-344268G 


1.3424227 

ny ſo 
| 

25/1.3979400, 


3611.556302 5; 
37jl. 568201 7 
381, F 
39.1. 591646 
401. 6020600 
41'r. 6127838 
4211.6232493 
q311.5334634 
44 nap 
451! [EISLAERS 

4611 — 
471 nent 
4 jt. z12 
49\1.6g01961) 


Fol 03897 3 ©| 


F1,1.7075702! 
52/1,716090 33! 
F31-7342759 
541. 73239} 


$5 [1 7493525 


——  _ — —— 


56/1, 740 d1$5 
SY r, 7555745 
55'r, 76342 80 


Num| Logarithm, Num [Logarichms. | Nun, Logarithm | 


71]t-854z 583) xe 6.2.9:5305 

92\1.8573325, 107]2.0:9;83! 
73.1% $63z3228! 100;:.03342 37 

741+ $692317 10912-03746) 
t.8$750612) 11C 392” 
76[1.8580$136 111 2.04532 3C 
7[l. 8864907] 112|2,049218c 
$[1.5920946| 113|2.05 $6784 
79/1.8976271| 114|2,0569048 
_ $51, 9c 32999) 115]2,06069 78 
 $1/r. y084850 1162 064.45 8c 
82/1, 31381358, 117]2.@681858 
$21. 9190781} 11$|2.571$52C 
Oo 22 bg 793] —_ 7ST 


delroeally 212.0) 27854 
87/1. Toe ok 2863598 


$81.9444827 2.089995 1 
891.94939><| 12412,0934217) 
 991.9542425! I25\2.c969105 
g1I,959g90414} 126/2.1-C37CF| 


92 L0 9637 578] 
931.9684: 9} 
24't, 97312 75| 


127 2.10300 37 
12 5/2.10720 99 
1292.1105897 
95 1.9777230| 13c|2-1139435 


26\1-4149733 
271 4313637 
28 1.4471580 
291.462398c 


31,1-4913617 
32\1.5051509 


34.1-5314739 


6111,79853290 
G2/1 «7925917 
63/1, 7993405 
641, So61 500 
651.812913 


——_— 


6711, 8260748 
681 8325089 
69/1. $388491 
20 1.3450980 


96.1. 9822712 03 1:3« "_ 
97,1.9867717]| 13212,12c57} 
28. 9912261! 1335/2 HD —_ 
991.995635:| 1342.1271c48 


100 2.9GCODOCE x45 2.4303JI7 
191 2.0043 036,21 33535, 
1022, ay 4 {| 1 37j2.1;367205 
1032.012537:| 1302.1 398794 
1042 0179333! 1392.1430149 
1OF2.0211509 | 146 2.146125 


A Aa 


| | 41]2-$492 193 
1.42|2.1.42200; 
| wh 2.15533C6t 
| 14421503625 
145/2.16136&c 
14602.1643520 
I47 2.167317: 
148 2.170261; 
| I4G 2.173106: 
= 02.176: 91: 
151 2.17389765 
15232.,1>1843c 
IS 3 2.146915) 
CAE Saf 97 F207 


v7 Ws 


1eat 
IF57 2.1955990! 
158 2,1956571 
15Q 2.2C139g71 
[60 2,2041200 
161 2.2COS258 
any fupbnnt 4; 
|-36} 2.02 21576] 

214843 s. 
165 2.21544 's) 


166 2:22C1G 511 
I 65» 2227164 
MO S 7 
» ui 3 
100 2.22J3C93} 
a J — 
1692.2270067, 
' 
a9 a=, PTY 
=  * - 4+} , 
1712232909601 
| — *” 4 
| 17424235520 
, and I ( i 
TT Fa:Tt a CAO] 

/ 0 
074 2.240549? 
| 3-7 1.0 L2O2dcC 
a & ” —— aw wmm—y OY 


CHllla?t 
Num, 'j i. Togarithm, Num. / ogarithm,| Num, << Num. Log- 'rithm 


ty -6 2.2455127 
177202479732] 2 


I>02, 276461 d; 


1922.27 >753IG 


LY 02028 
192 2.2 « 
193 

I 2 
ht Louth 

195 2.2922 
I97/2.,29 
1982.25 
1992.29 


I A, - 
SO) 2 


»d 
-_ 

# 
S, 


201 2,530 51925 
202|/2.3053F13 
20312,307 4955 
204'2.3295z01! 
205[2.3117538 
206 2.3138672 
207 2.31FG7C} 
208,2.31$0633| 
- 0[2.3201463 
2 1Ci2.3222197 


211] 


$52. 3283796 2 40 


2 40 2.4 9Y09 11 
247/2.3926969 
2.3944517 


2.32428 24] 


2.3203} 


os nd 249 2.390199; 
215/2.33243094, 2592-39794c2 
IU 3445 37 2511243 996-57 
21712.3364597; 2522.49 4<0) 
21812.330.4565| 25312.40J12C 
2191243424441! 2542.4038 335 
22C|2,3 42.4220 2FF|2 2.496540 
2 2112.3443923 25612,4582355 
32 20-FOEE 2572 4299331 
22312.3483048| 2503/2 EET? 
224/2.3502 CO 25 91e41325 
225|2,3521925] 260 60), 414973: 
226|2,35410584 2612. 416640; 
227,2,3560250| 2021[2,41 $301; 
220[2,53579348 263/2,4199557 
22912.3598355] 294|2.4216035 
32c12,361727-| 26512 4232456 
23112,363612c| 206|+,42485>10 
3 32120 $8] 265 


42 + 


42> 
& Q Q © 
1 H\ is) 


'2, F59| 262.4281 348 
'2.3692158] 269]2.429552 
[2.271067 27C[:.431 363" 


4 

2.372Q12 271124432909 
(2+3747405| 27212.434560g 
12, $76577<] 2732.4:61 6:6 
| RS ad 3. co aoucs 
2.3783979] 2742.4327750 
(2.3902 112] 2762.4394327 
12.38 2O01 7C| 270 2.4409: 91 

$2815} 277 2.442.459" 


t4 


$56063| 278/2.4440445 
2.2H73dg8 37912.44560 41 
12.3 $9166} 28012.44715 


" KOs 


OO —_— — — 
3 


CunTihtan 0 


Num: \ Logarithm. Num.! Logarichm. [Num. Logarithm, Num.|l.ogari; mm 
\2S1 2. 4487953 | 316 2.4996371 334 105453971] Jv5h2.556537 
| 2$2]2« 4502491) 31712-3010593] 332 2.546 5426, J8B7[2.5377L 16 
| 233[2-45 17854 318[2.5024271 3 531245477747 38:1]2.585$3 157 
| 28.412. 453318;| 319/2+5037907] 35412.549003 3, 389j2.58994gt 
[2852+ 4548448 _32©|2+50F1 £95) 355[2.5502203| 299/2.591 0540 
2$612-4563650| 321 es 2.42 356|24551452- 39112. $921767) 
287;2.457S9v19, 3222450705559] 357]2.5526682| 39212593286: 
288/2.4593925| 32EJ12.F0©92O02F 358!2.5538830 393|2+3 G43925 
289j2-460®978, 324]2+3105450] 35912.5550944 394}: +595496! 
299,2-452 3985, 325 32 5ſ2e5118824| 360/2.5563025|] 395/12.5965971 
291,2+453D930 326245132176 36i[:.5575072 \96[2-F97695: 
292 2,4053D28 327 245145477 362|2,558%70d6 397,398 59% 5 
2 2.4568676 3J238|2-5158738 363i2.5599066 i198 1.799881 
294 2.4683473' 3J29]-»FI7TI9VT9 364\2.561101.; 399]? .0c5972 0 
29512.46992209 3 3C (2.585139 363'12.562292% 40 2,5 2045-7 
"29612. 4712917 3 31|2.51 99528; 366 pp FOJA4S1H 401 226031444 
297]2+4727564 332/2.5211381 307 2.56 46661 40212.604226c 
298[:+47 42162] 333/2.5224442] 3®82.5658478] 40; gone 
999]? 4756712 234/2.52 3746.1 oe 49.2% pans, 4041|:.60638; 
3 oc|2- 4771212 335/2.525044*] 3 2.5652017] 40e]:.50745 = | 
301 2.47 55665 330,2.520339; _ cp Tig} 4-6RN 60S 526. 
3©021[2.480-069 33725276299 3 73/2. 5705429] 407]-52959.4-1 
303]2.45814426, 330 2.529167 373\2, F7170d8] 40812,61C66 
30412.4828736' 339 2.53019g7] 3742.572$71C 40926117? : 
:oO5]2.4842 993 34025314739] 375 2.5740 31-| 41cſ2.512> 5030 
3061244357214 341205327544] 370 2.5751 879} 4L1]2.612:5841 
30712-4371384 342 2.5340261] 377 2.5763413] 4q1212.H145g7 
308|:.4585507} 343 2+5352941] 37E2.577491 © PEI: G15gsr 
309 2.43995 85] 344? .53 os bets 3792.57$6392] 414i2.G6g7eco: 
31c[2.4913617' 2452 537D191] 390 2.65295-536} 41512,51 0 18; 
$111]2.4927604 3462.5: —_—_ 3 00 2.5829252] 4lG|t,n1go933 
312[2.4941549, 3472 $903291 352 2.552 6:4 it 2G one 
313 2.495 5443 345 2.5415 792 393 2.5831 9830 41 - » H2407GE?} 
314 2.49092 96, 34922-5429254] 3842.543 301 J IC::0232? 1 
| 315!2.4933105! 3502.54426%] 3852.55.16" 7] 4 id DE 
AS 3 


* —— 
- 
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Cunilras 0 


' Num. Il. Logarithm. 
42 « 2o 6242 2821 
422/12.6253124 


457 
45d 
459 
450 


| 42c12.6283889 
| 425 2.6294096 
427,2-6324279 
4282.631443d 
4292+ 6324573 
430,2.63 34684 


461 
462 
463 
464 
465 


Num. Logarithm. 


—_— — _—_ —— 


456[2.6589648 


2.6599163 
2.6628655 
2.6618127 
2.6627578 
2.663 7009 
2,6646420 
2.66558%10 
2.66651 $0 
2.6674529 


431|2- 2.6344773 
4322+-6354d37 
43 3}2o 5364079 
bd WY 6374997 
4235'2 2 2.6 384392 
(4362: 5394865 
437,7-6404d14 
4312.6414741 

439,2+6424645 
| £40 2.6434527 


406 
467 
468 
469 


47 
472 
473 
474 
475 


479, 


2.6683859 
2.5693169 
2.6702458 
2,6711728 
2.672:Ccg7* 


2,67 30299) 
2.6739420 
2.6748611 
2.675775} 


2.676696 


Num. Legaruthm. 


"agl 2.691081 
492 2-69196551 
493 2-6928469 
4942-6937269 
495 2-6949952 
4962» 6954817 
497 2-696 3564 
4982+ 6972093 
49926981005 


50913 .6989700 


55112-6998 377 


502/2.7007037 
503/2.701 5680 
504/3. 702430) 
5051/2. 70J2914 
FOG 2» TOqlfog 
507,2.7050079 
go8$12.705 8637 
5F09}2-7067178 
LL ph ado ©. 


| 441j:.6444386 
| 442126454223 
| 443/2.6464037 
| 344|.6473830 
i 4452 6483600 
+46]2- 5493348 

447) .6503075 

448; 6512780 


476 
477 
478 
479 
450 
401 
482 
433 


2.57 76069 
2.57dF1S4 
16794279, 
2.6803355 
2,.6812412 


2.6821451 
2.683047 
ze. 6839471 


pres GOF22463 qa -63gB 453 
| 4 Go32125) 485 2.6857517 
451, 2,.6541765 486 2.656632 3 
462i2.6551 384 po 2.6875289 
45 21». .6560982| 485.6884198 
| 4$4j2+ 6570558! 489/2.6893088 
1 FF? 6580114] agcl: 6901961 


e1112.708420g9] F 
3 0 FONG 699 
61.32 7101174 
Ah. des 
$15]2-71 13072] 5 
516|[2.7126497 
$1712.7134905 
518$12.7143297 
519]1.7151673 
F20[2.7160033 


—  - _— ———_— -- - - 


521]? 
$22|2,7176705 
ſ2312.7185017 


24]-7193313 
| 525} .7201593 


Num. Logarithne. | 


"$262 — 
5$272.7218106 

523 2,7226339 
5$292.4733455 | 
$302.7242759 
$31 273 5o9gr 
F_0Þ-72 99100 
F33 2.726727! 
334247275412 
$352 7283539 
$362. 7291646 
$37 2.729974; 
538 2.730778; 

$392.731588z 
$49 2.732343? 
S$E2.733197; 
342 2.733999% 
543 2.734799 

544247355989 


345 2.736396 


F46 2.737192 
5472 $737987; 
548 2. 7387005 
5492 pic oh bb 
F$012,74036 
SSIz,24115 f 
S52/2.741939! 
$5 31247427251 
5 54(2.74 3506: 
35512-7442 95 
55612.7450755 
FF713-745 0552 
5 F$42.7466342 
$59]2-747411 
46012.748$188c 
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Num.) \Logarithm. 


56 1]2+ 7459020 


Nom. 
59 


mo thn, | 


27752452 


an 


Logarichm.. 


1}: .©099293 


Yum. L 1g arithne 


1666 :.32 3454) 


5 2Þ «74973 63 5972-77 59743, pl hx wn. 6672.9: 4125) 
56 63j2-75050d., 59d|2.7767012 633]-5014037] 668 2,524775, 
564-7 51279: 5 9vy]t.77 742 268 634 2.d0208g2 66g 2.325 142C; 
$6512.75 20434] 5209]: 7781512 6351:-9027737] $702.3826c 74" 
—= Inn O01 5730746 636[2+9934571 6712.8267225 
567 2.7535$z30] 00:[2.7795965| 637]2+2041294] 6722.5827309; 
| $68[2.754348: 605]:,7803173 63 8|12.8048806 6732,82$a15! 
F6g 27551102: 624\:.7$10369] 63g]2.905 509) 6742.8:86595 
570{2-755 8747 695 2.7817554| 6492-20510 00 5552.829303 
571j2+7566361] 606[2.7D24726| 6412.896358-| 676 2.329946 
572:2.757396c| 603|:.7831887| 6422.307535c| 6772.8;0583; 
| $7:j2-7 581546 6081]:.7839936| 643j2-dodS11c] 678 :2.8:12297 
| F74]2-7 5dg119 6091]:.734617; 0442-5055 5g 679 2.531$99 
| $75/2-7596678|_61<]:.7553298] 645'2."095 597] 680:.$32 505. 
$7612 7604225 OI | 2.786041 2 046;2. ive 325 681 2.83314 ] 
577,2-2611758] 61:].,>2$475:4] 6472-8109904,] 652 2.533754. 
5 78]2.7619278] 615[:.7874605 —_— 6d32,$34420: 
57912.7626785] 614]: .78816843 6462.5122447 634 2.8350561 
5$6j2.753 42 do] 615 7885-51 6590/12, $1291;7 6852.8; 5690" 
FS1]2.7641 7-61] 610 1.7895 $0» 651 2.813001 6$62.5363241 
5$2]2.76492 617]:.7922851} 652 2,001 42476] 657 2.5369567 
F82 312.765665] 61d 2909SdS5| 6552.v14913: 588 2.3; 75584 
F8.412.7664128$] 615]:.7916906} 6542.3155777] 68432.33$2192 
ſ85(2. 297155) 21: 792301] 6552.8162.,1 | 6Gg06 2.535849! 
8 L612. .2678976| hy 1! «293 1 6| 6 5 2.1695 , d| O G1 :.8:9478c 
5871: 2686381] 6::3j:.w9;79 q 637 2,*17505.4| 6 )2 (12.8. 10H 
538; -6 bF72 H 2 2.7 544) d OF dy 2.51 O22J 3; 69372 d307* 
x 1153} 6:4 .=g51 845] 659 2.S183354 61H 42 *4135% 
£901.75 8520 G>52.79;8300| 66>2.8195439) 435 2.8419 54 
$gIÞ. 2715875, 626]:.796574;| 661 02014, 00 2.0420 
5 921*.7 733217 ; 6251:.797>2675] 662 2.5:0S550<| 6g7;:.5 3232 
$9312 7739547, 62 d|*."97959t0] 663 2.921515! 6952443055 = 
594 2 7737364 629[2.79S$550} 0642.221601 619,284.44 
$48 2.7745169 63c|2.7993495| 655'-.3: 28215) 70of2.fz50y5 
: AS 1 a” 


ww a So ac, 
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Cuiliald 


Num.'L 0g Arithm. Num, Log arichm. Num... _-- Num. vum.| Logarith» thn 
01 2.045710 o 7: 7.613, $6608778 7712-5879 544,  $06]2.9963 35+ 
- >+[:. 8463371 737]2.9674675 7 72j2+-58876170 $0712.9c68735 
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44 4793 3.64060 7414828 cud pen 2.656gc. 
17 47943-68065 8c}4$25[3.683857214864]-.0 369. : 
69 4795136807 $851483c $.6939471/486< 637 8:8 BE 


Le 3 
" Bm WE 


Num, hogopvebes Num. == Num. Logarithm.\Xum Num. 


[4 
+932 3+ 69037 733.4937) 
3993 3* 69046194938 
49043 | 
4905 3-09063904940 
4906/3 6994727514941 
14967 '3.6908161! 4942) 
+995 3.6909046494 3) 
4909 3-6909930/4944 
491 0'3.6910815 (4945, 
4911/3-6911699 4945 
[4912 2:3.691258 4/4947 
491 3/3-691 3467/4948 
4914/3-69143 52/4949 
1491513. os LEE} 
(4916/3- .6g10119/495 1 
149173+ .6917002(4953 
4918|3-6917885/4953 
491 9,3 69187634954 
[49203:6919651/4955| 
[492 1;3-69205 34/4956 
492 2/3» 69214164957 
[4923|3-6922298/4958 

492 4(3 3-6923180 49F9 
1492 492 5[3-692 4062 2 4960 


$927 3.6925825 4962 


(492 d 3 69267 0714963) 


3-69574434998 


CH ILIAS 


3:6934631/4972 
3.6935511/4973 


3.6937269/4975 
3-69381484976| 
3-693902 714977 
3-6939906 497383 
3-69409785 4979 
3-.6941663'4980 
3-6942541'4981 
3-69434194992 
3-6944297 4983 
3.69451 744984 
36946052498 513 
3-6946929/49*6|3 
3-6947 $806 4987 
3-6948683 4988 
3-6949560498g 


3-5$950437 4990|3.6981005 ors 
3-69818765020 


3-0951313/499) 
3.6952189 4992 
3.6953065 4993 
3-695 3941 4994 
3.6954817 4995 
3-6955692 4996 
3.69565684997]3 


3.69593184999 
3 + 3.6959193 FOOC 


4+ 


385006]; 
3 Cats oben 
3-6966185 5005 
3.6967058 500g; 
3.6967931|501C 


es <<, 


| -0g 411; hn, 
y # oC 06 2490 3 | 
3-6995776 
3-6996643, 

«699751- 
369983757 


3.06968804|FO11 
3.6969676|5O12 
69705495015 


3.697 1431 


3-6972293) 


3.6973105 


3-6974037 
3-6974909 
30975708 


36977523 


3.6978394/5022 
3-6979264,59253 


3-6980135' 


3-6982746' 


3.6983616 592+ 


3-6984485| 


k 69853551503 


3-69$6224 
3.6987093 
3-6988963, 
3.6988831 
3.6989700 


492 6927588 4964 
1h 013.692 8469'4965'3 
$49 3 (13, 692 93 


2032/3, 69302314967, 
4933/3.6931111|4968) 
(19343-693 199114969) 

970 


Caacl2 6932872 


3.6960067 5OO1 
3.6960942 5002 
3-6961815 5003 

3-6962690 5004 
3.69635645005 


3.6990F69 


3.6991437 
3-6992 305 
3.699317} 
3.6994c 41 


FO3F 
| Ant Þ 
5©36];. 
3+7021719 


5OL4 
fors 
FOIG 
jJO17 
FO1 5 
foO1g 
5920 
FO21 


5024 


FOZO 
5$O27 


jO2Y 


3-0999244 
3.7000111 
$.7000977 
3-700184; 
1/00 709 
3-/COZF7o 
$-7 004441 
3$-7005 307 
3.70061 72 
3-7 0070J- 
$-700790; 
3-7 00876; 
3.70096 32 
$-7 010496 
j+/C TOI1I 76} 
* 47012226 
3.70i30vg 
3-701 3952 
y # +7 014616 
3.701 56d 


5031 
5032 
5033 
$034 


F037 
FO3Y 
5039 


3:701 999) 


3-702 3444 


$+-7O1654; 
3 7017406 
Je-701 5269 | 
3.701913? 


-©02085:7 


J. 702 2502 


5o4cl; 


% e22243C5 


——— — — 
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NO 


CHILIas 


Nam. Logarithm. Num. Num.) Log arit hrs. | |Num, 
F111 
F112 
Fr1;3 
FIl4 
jJrig 
FI16 
21511713 
2D 
5119 
F120 


3-7025107 
3-7026023 
3, 7026890 
3$+7927751 
3.702861? 
3.102 9972 
3-7939333 
3-JO 3193 
$-7932054 


5941 
5042 
5043 
$944 
5945 
F045 
5047 
$048 
5049 


1$05O 


3.7032914\5085 


5076 


5078 
5079 
5089 
Jo81 


5077); 


J-7O055216 

7056072 
3$-7056927 
3-79577d2 
3-7059637 
3.7919 49? 


5o81 
go83 
5084 


3-7933774 
3.7934033 

fOF 3[3+7035493 
50 534'!7-7236352 
505 5137037212 
505 613-70 3807 i 
505713-703 3929, 
ſJo5 83.703 9788 
ſ059g 3:7940647 


5o51 
5O52 


5060 3.7041505 


15085 
35087]: 
5OS8 


508g]; 


.7C6034 
3.706120! 
3-7062955 
2,7061910 
J.7903704 

7064617 
3.7065471 
7065324 


5090 
599113 
5©g3 
5093 
5094 


FG6G1 3.7042363 
5062/3.7043321 


5963 ,3-7044079 
$004 3 79244937, 
50653-79457 
FO ,66 7046552 


5096 
F097 
5098 
F09g 


94,5100 


FO9YS 


2,7067170 


44 \t# "4 


2,7068030 
1.7068884 
7069737 
,707053S7 
«7071442 


6. 


4Logerithm. (Num.; 
3-7085059 
3-70859905 
3-7086758 
J3-79087607 
3-7088456 


5147 
F145 
5149 


jt5o 


F131 


F12 


Fl 


3.707570? 


5067 3-7947509,5102 


5068 3.79 
(5069 37949223 


4d366!\5103 


5194 


[$270 3: 705 oo80[5 105 


($971,3-7050946 


$072/3-705179? 
507 313-7 
| 50743-7053 
(ELIE 


0526491 
FIFI C913 
A os 


$1061; 


$-7276553|5136];. 
| $2.39 


18138 


ded dl 2,34 1 
7078256 


a AJ a 


3.703420 


3-7 072294 
3-7073146 
3.70739955 
$.7074550[-1: 


1079107 
.2079957 
7O8SOdDOS85F141 
- 10713.7081659/5 142]: 
5108[3.708250 
708335915144]. 


915143 


'E 


F122 
313-7 095244 
F124 
FLI26 
5120 
FE27 
rFi28 
Fl2g 
> bd 


5135 


z}139 
5F14c 


3}-7089305 
»709O01F 4 
$.7 29100} 
3-7091851 
3-709270C 
3-7993548 
3.7994396 


TIF! 
5152 
5153 
j154 
Fr5s5 


5157 


3.7 0960g 1 
3-709693vy 


F159 
F16c 


F146 


5156}; 


FI5S 


Log arithm- 
3»-7114%g) 


37115542 
3-71163$5; 
37117229 
3.71 18072 
3-7118g15 
je7I19759 
Z-7J1206C1 
3.7121444/ 
3. 7122287; 
7123129 
3Je-7123971) 
3-7124813 
3.7125655 
3-7126497 


3-7297780 
3-7098633 
3-70994 8c 
37100327 


5161 
5162 
5163 
5164 
5165 
5 160 
F167 
F i609 
$1995 
3179)3 
51711) 


bo 


3-7 10202C 
2,7102866 
3.7103713 
3, 104555 
3-7 105404 


*TOO3SC 


3.7197 2961[5 
3.7197941 
3.715878 
3.71096} 11:1 
Io7I1047C 
71113321 
3J.7112165 
711JO1IC 
S'$e7IT, 


C £< 


—_ 


5179 
$5451 


317} 
5174); 
F (2 
3176; 
$177 3. 


I bit 


Fo 
w 
— 


37127339 


3-7120150 
3-71292921 
J-71299562 
3.713079] 
"131544 
3.71323Þ5 

7134065 

7134g05 

7133745 
[3-7 13655 
3+713742*5 
7138264 
7139604] 
7139943 
71497052 
1," 141620 
3.71 42 409 


* -- - , 
\. 14329*6 


2a. 


a> & +4 


- - ) 


.. 


\? 


| 3® 


Cultitlas 6 


p_—_ m_— _—— _— — — = ————_ 
Num. Logarithm, Num. Log arithm Num. [ ogarithns. \um,. 


[51 $1 71491 3652163.7173376 $25113-7292.420]52 56 
\-18213.7144974 $217 3+ 7174208 525213-7203247 52 $7 
:183'3-7145812 5218/3-717504! 52533-72040C74 5288 
-1$4 3-7146550'521913-7175873'52$4/3-7304991 523g 
e185 3-7147488,5220|3-7176705\$25513-72057 27,5290 


— —— 


151 86,3.714$325$221[3-7177537\) 2 56|3.7306554,5291) 


$187 3.7149162 5222/3717 36952 57/3.7207380'5292 


Logarit hw. 


$Þ-7231272) 
3.723209 }' 
3.7232914 
3-72 23736] 


. 53 = 
wp 224230 
3-72 35378; 
3.7236198 


$188 3.71 500001522 337179299 52 5813-7208205 $293|3-72370lg| 
3189'3-7159037 ©224/3.71$0032/5259/3-7209032,5294|3+72 3735 


5 190/3.71 51674 5235/3-7 180563 5260 3.7 20g9557'5295 


CCC EC CE 


519013-7153510 $326]3.7 181694 $26113.7210633/5299 
(0192 3.7153347 $3273-718252 5 52623-7211 5055297 
$1933-7154183/53283.7183356 5203 3-7212234 5290 
5194 3-7155019,5329]3-71 84186 52643.7213 1595299 
'$1G5-3.7155356153330 3.718 501715265 
TTT5 3.7156691 $2 3113.7 185847 5266 4.721 4809.,5301 
\51997/3-7157527,5233 1,71 $6677.5267|3.7215633/5302 
\5 19887158363 5333 2,2187507.5268 372164585303 
\3199 1 7359198 5234|3-7138337 5269]3-7217202 5304 
$200 37160033 J2IFT $1916” 52=c|3.7218106\5 305 
» » [ 
$201/3-7 1600095230 3.71 $9996 q27113.72189305 300 
$302/3-7161703 533” :1,7190826 5272 3,721975415307 
[3203137162538 52538 3.7191655 5273 3.72:205785300 
13204 3-7163373 3339 $,7192434 537437221401, 530g 
| 347164205 $240]R.7192313 3275 3.7 32222CFIO 
3.71650 42,5241 347194142 5$2756|3.722 394% JJLL 
3.7165870(5242[3-7194970 527 223571, 5312 
37166710|5243/3-7195799 527337 
2,7216754415244 3471966275279 
3 
3 


_ 


— 
CG i EY 
I. 


4] 


Cf «3 


A aA TA ww 
7 _7_N 
— OO © 


3395315 
71625316 


722 
716837>7>15245(3.7197455 $256 722 
723 | 
72279045317 
723 

723 

72J 


,7169211,5246,3-7 193283 F281 
-212 347170244 5347,3-7 199111 5282 
*213 3.7150$771524d 3.719993$ 5283 
i214 3e71 717106249 3.7200766 52542. 
7221537172643 2.7201 592 F253. 


435 <4 4 x Ih 4&4 _ + 
. - - 


J2F* 


3-7213974 5300/3:72 


8806 531813.7257403 
9528 531913.725$30c 
©4480 532C|t.25011060 


3-7 238660 
3-72339480 
+7 240300q 


44 3 4: SS: 44 


3-724357)| 
3147244397 
$.72460}J; 
7249544 
$+7 247 07: 
4.72 48491] 
7249309 
«JLFOIR 
7250945 
6225176; 
7252501, 
-72 53395 
+7254215 
I.72FFOR!}C 
3-72 FFngc | 
3.73 566671 


—— 
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6. 
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Num. Logarithm Num.' Logariibns. [Num. Logarithm. Num. Logarithm| 
F321 $+7259933]5330 3-7288406|5391[3.7316693 542 6 3+714479d 
5322[3-720074915357 3-73 39216|5392|;.731749% j427 3-734559 
532 33-7261515[5358/3.72 90025 5$39313-7818304[542* 3-7346398 
532. 4]3-7262350/5359 3.2290838|\53943.731910g $429 3-73471 92 
5323 5j3-7263196\5 36013, 72291648|5 395|3.731991415430 3-7 3472998! 
5326]3-/254912153613.7292458|5 396/347 3207195431 3-7 3457 gd, 
532 713-7264927]5 303[3.7293268(5397);, 7321524[5432 37349598] 
5328]3-7265642]5 36313.22940 78/53 P*:733232919433 LL 
5 329]3-7256457]5 364/3.72 9480/5 399/3.7323133[5434/3-735115 
533 o0[3-7267272 $365|3.2295697|5400| £732 3938543 5/36" 5 199; 
5331]3+72 6508715 36013, 2965071540113 3.7 325742[3430(3-73527% 4 
533 2[3-7260901 5367|3.7297316 5402/3.*32554« $43713-*35359 ; 
5F33313-7269716|5363$[3,72 98125/5403/3-232635c »43Z03j3+ "354392 
53 343-7 2795 51] 369]3.72989 734/5404/3.732 715 30 439[3- 735 $191 
5335]3+72713445370[3.7299743(5495/3.732795615 44 «735590 
$33613-7372158(5371]3.7z00551]5406|c.7 328 i166 $440[3-7 35678 | 
5 337 j.*223972]33721]3.7z01 3G F40[3I,732 930.405 44313:735 75: 5 
$33$13-73737061]5373[3.73021 68 5408/3 733036715443]R-"383 
TI3 9] 727459905 37447 30 beewrlegd "0/307 3311- PENA DLS 
FI40[327272541 21037 5[2e7303 2p 4lo]3.>3 3195303 445[31-735995% 
FI41 7 O220195 70 eFJO475Y $*?7J3$3776 $4453» 7 39 T7 
F342]3+-72 77039537 TR 3ZOF 4Oc $*7*JZ57 $15 44713-7361574 
FI4 313-727 755253713473 06208 I-*3 34380oÞ$ 443.7362 31 
$3 44/3+7275664]F379[$4307>" i 5 I.*3IF1321544513.7363168 
$345 130222947753 [3.5 395825 i *JIFgNRIIT4S 36 26G 
5346/3247 386 290[53$11};.7.086;1 $7 3387-1545 1]4.736.476: 
5347,3-22811c1]5382]3.53909430 2.7. 7568805458 *. 736535 
5348,3«72*1914]5355[3.7310244 SALMA LONISALLE 
5349]3-2283726]5 384]3.7 311051 bo / Ct hs bd A 
FIF0[3-72bS3853F) SFISe13.59 1185 Jo 73 29997 $48 52,5036 7045, 
$35113-728434z9|4336[1.731266; DIE Toalf4 $61;.: 05 as 
$35 2/3-72 85161 $3 87]}.> 31 240 $7 34lros 545” 7 30g YO) 
F3ZFI: 72 d5972]538-[3.>31 4256 $-2 242790684 [3 S/ 5 5 
$35 41372067 4}* 32 2Þ3-7315052 Ie I4312715 45S$13-7 57105 
FIFT!i "2**595|FI9C 3.721 FS88 [2.242997 Fn of 7” (+ 
= ED C c hd re 


Caulll 


AS 


6, 


Log arithms. 


37372722 
3e7 373517 
3-7374312 
3+7 375107 
Is POTTLLS 


|Num.| Logarithas 


5 490[3-7490467 
549713+7 qQI2F7 


5498 
$49 
; 500 
5501 
5FFO2Z 
F503 
5504+ 


J505 


3-7493047 
3.7 492837 
3:7493627 


FS 32 
5533 


3-7404416 
3. 74905206 
$-74925995 
3-7496784 
$+.740757: 


559 

5507 
5Fo8 
5509 


Fro 
5511|3 


J5Fl2 
$513 
j514 
5515 


3- 7408362 
3- 7409151 
3-7409939 
3.7410728 


«7412304 
3-7 413093 
3-7 41 358: 
3-7414668 
3*+7415455 


3.7411516 


3536 
$537 
5538 
3539 
5540 
5541 
5542 
5543 
5544 
3945 
5546 
5547 
5548 
5549 
5550 


Num. um.iLo g <roihes. \Num, 
55313.741803 715 6 


3-742 8025 
3-7429607 


353413-7439392 
FF3513-7431176 


5 6 

5397 
55635 
5560 
IF70 


Log ar ithm. 
3.745 5432 
3-7456212 
3.745© 993 
3+745777? 
3-745 0552 


3-7431961 
3o7432745 
3-743353C 


37434314 
3.7435098 


3571 
F572 
$573 


3575 


3-7435381 


3:7437449 
3.74382 32 
3-743901 5 


3-7436665 


F576 
$77 
5578 
5579 
5580 


3-74405 $2 
3-7441365 
3-7442147 
3-7442930 


3.74 39799 


F581 
5582 
5583 
55 84 
5585 


53574 


3-7459332 
3-7 45011 
3-74608gc 
3-7461670 
3-745 2445 


3-7 463228, 
3.7 464006 
3-7464755, 
3+-7465564 
3.746634: 
3-7467120 
3+-7467 596 
3.7468676 
1.7469454 
$+74702 33 


5516 
$517 
5F10 
FFI9 


«13909974 


$7393350 


7394141 


247394932 
343 525 


39372. 


S) 
950Yy6, 


«7391766. 
*7392550d| 


5520 
TF21 
5522 
5FF23 
5524 


3-7416247 
3-741703c 
3-7417817 
3-741 8604 
3-7419391 
3.7420177 
3-7420964 
3-7421750 
3+7 423537 


5528 


i 


I.7 423323 


3710432 552613. 7424109 
55271 


3.7424%95 
3.742568c 


S331 
J552 
$353 
FF34 
JFFS 


347443712 
3-7444495 
3.7 445277 
3-744605 

3-7446341 


5556 
5557 
5558 
TFS913 
F560 
F561 
5562 
5563} 


2.7450748 


3-7447622 
37445404 
3-7449185 
7449967 


3-745152 


F556 
55 87 
5588 
558g 
F5Fge 
FS91I 
$592}3 
9593) 
5594 


FF95 
— 


5596 


3+7452310}5597 
3-745309115598 


3-747100g 
2.7471787 
$+7472564 
3.7473341 
147474118 
3-7 474395, 
37475 672) 
3.747644 
37477225 
$+7478001 
3-747 8770 
37479553 
-7480329 


4 wt 


3o9886\55250; 
299577155 301; 


7481105, 
3.748188c 


«7426466 
24727251 


3-7453371]Þ5 599 
13474546 5235 697 


F564 
5565) 


— 


| 


5615]3:749 3493|5 6513-7 520484 568513. <7547305|5720|3-757396 


| 


| 


$610 


TT ET E 5. 


Num, Logarithm, Num. | Logarithm Num, Logarithm Yum. | Logeithm,| 
(5691 3-7482656 363 36,3.7509709,1671/3.7536596 57263. 7363300 
$622/3-7483431,56373-7510480'56>2:3.7537362|5707 3.756407 
56093,3+7 74842065638 3-7 7511251 567337538128 570813. 756484 f 
5604 3-74 8498156; 9,3-7312021|:674/3-7538893 5709(3-756 
5595 3.745756 F04213+7 $I 2791 #6753. 3-7539659 5710/3 7256536) 
$626'2-74865 31, 504113. 7513 561,$670}3-75404245711 [3-75 67122þ 
5697, 3+ 748730 6'5642 3.7514331;5677 3, 7 541109 57 1213.7567882 
$608,3-7488950,5643,3 $ 251510056783 75419545713 3-256864: 
5609(3-7438854/56443- 75158725679 3.7542719 57141347 569422 
J. 74389629,564513 ze75 16639565: 307 $43 433] F715 3+ 75 JOIG? 
561113-7499403|5645|3-75 17409 56813-75442 48/5715/3-757092 «| 
[561 2/3-7491177|5647/3-7518178 5682: 3+7 545012571 713-757163:} 
F613 3-7 49195015 648[3- 7518947 5683; $*7 345777 5716|3-7 572441! 


$614/3-7492724/5649/3- 75197165684/3.2545541 $719]3-7573z01) 


a. 


$616/3-7494271$65 1|3.7521253/ $6 ©6/3-7 54809) 57313-75747 19 
5619]3-7495044/5 63 533.7 522022/5687/3.7548832/5722(3-7575479 
5618-749 5817/50 F313-7 5227901 560813.75495965723|!-75 762 37 
56193-74995 90 55543-7533 558 $68g/3-7559359 $724/3-7 576996) 


5620! +7497267 15655} 7524726 50gc GRILESR EC ; -7577>5«| 
563 11374981 Jo[5656|3:75 23094509 113 $7551 $06/5720(3-7578513 
562213-7498908;5%5 213.752 5362/5692/3-7 552049 5727150757 94721 
F6230[3-74 49968115659]|;3 07 $3662 9509: 13.7555 CT 0 
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3.5676 442 
8677031 
j6867762c| 
4 $67 "$205 
38678798 


3.8679976 
8680564] 

38681152 

3.0682740]; 
3.06823 

1 .$682917 


.$6$3505 


3.866995 $7 


3-8679257 


132613.5 
39715» 
7393], 
13 99]3+' 


740C 


717401 


7.402 
7405 
7404 
1405 
7406 
] 427 
7408 


741c 


7409 


1 8692317 
3-8692904 
3.869 3491 
3.9694077 
28694664 
3.8695251 
3-8695837 
3.869642 3 
3.8697010 


3-38697596 
3.35698 « 52 


741 
7412 


| "417 


74201 


7413 
7414 
7416 

2417). 
97418|3.8702868 


3. 5698762 
3-8699354 
3-8699940 
3-5700526 
7415[3.5701112 
7416]:.87016g7 

$702283 


3-87034+\4 
$704039 


[7315 


Dd 3 


Cnuiltrnas 8, 

ous. Logarithm. (Num. Num.'Log ric hm. 'Num.' Log +r:thw., (Num, Log ai it ithm, 
742113-3704624 7456/3. $725059 74913: ra77p3 yas 3.8765 462 
742213-870520917457}3. B72564117492/3- $$7459781752715-$76621g 
742 3]-37057951745$[3-$726224/7 493 3-87465 5717 528|3-5706796 
7424 3-8706380(745 9/3 $72 6806/7494 3- phe 752913+0767 37; 
742 5]3-$706965/7460[3-872 738817495 3:5747716]75 30[4-8767950 
74261$.9707549 7461 3 $7279; 7017496 3-S745296175 31 3+S708526 
74273-87081 341746313. brobees 14973-8>48875[7532|3-$76910; 
' [742 8/3-$708719]7463 3 872913407 498 3-3749454[75 33]3+276968c 
742 9 3.57093 04[7464 3+38729716 7599 3.8750034 75 34[3-8770256 
7430;3-07: o9$88[7465]3.5730298]7 590 387505137525 3.87708;; 
74311; 8410473 7.366|} 730880 /FO1 3-*75119: 753015» $771409 
743213-$71105717467|;3.5731.461 7502 /3-D>251771[75373-8771985 
7433 3-S711641 7468|3.5-32043 7503'$-5752349 753d13-8772561 
743.4]3-$712226[7469]3.$8732625]7 50.4 3-375292 [7 F39[3+5773137 
743513: $71281017470[3.8-33206[7505 3+5733507 7 $40]3+8773713 
7436, 3. $713394/747) 1. $53 3585[7 5046 3.5754086]7541]3.87742 dy 
2473-371 3978(7472|[2.8>34369]7 507 3-87546647 542[3-8774865 
744 13-S714562\7 33:87 34950[75083-87552 4317 54513-8772 5441 
24393 8715146['474|3.87355 31]7 50g 3-37 558217544 3.8>7601 7 
7440287157: 92425]; L236110 7510! 36875633 7545133775592 
744113571631 5/747 - 7 7366g93|75'1 3-$756978]7 $46/3-277716d 
744213-8716897/747713-87 372 24[7$12/3-3757.55 617 547]3-377 774; 
744311-$717482/747 >8|; $>37855[751313-$75813417548[3-2778319 
[7444 3.871 8064/7 47 9.3 3 $7384; 517514 3-8758712 754913-8778894 
Bhs 3-232 5647) 248c[3.$739016]751 513-87 5929017 550[3-8779469 
7446 3 rate - 8739599 516,3 -$75 98587 55113.8780045 
7447 3871981 41740:j3.879401775]7517|+ *760445/75 523 8780620 
74453 8720397|7483|]3z$-40757 751313. 8761023175 5313+ 8781195 
7449'3+ $720980{7454[3.*74133 [7519139761601 75 5413+ 8781770 
7450/3.872 1563174 _$13.8741018]7 520/3.87 62178/7555|3-8782 345 
7451/3-8722146|7456|3.874:24$]>521]3+ $762 5567556/9.8- $792919 
7452 /3-8722728174*713.924 2078['52213-8762333/75 5713-8783 493 
745336872 331117485]3.5743658]> 52 313-376 3 [3-87 54069 
17454 3-872 3894\7489 i. $5442 38]Þ>5 2413» 8264488755 93-8754643) 
745512.87244 7/6 7490'3.374451 752512.$7650657550i2.8985210 


CHlllas 8, 

Nom: lum-|Log arithm. . Num./Log arit hm. {Num}; Logaruhm. Num. Log avithm4 
[7551 3 +5755 792/75 9613-38805 $50[763113.8925815]7664{3.3 545 58% 
-$62[3-$-3$63677597|3-880642 1[75z213.88263 $4|>55- ! 8846255 
-563[3.3>869.41/7 599 -3806993[7633]1. 582695 3[7668 1 $846821 
7564[: $787515/7599]3-$557564[763.413.8527522|-669|3. $847 387 

2565[3- $78%08912690[3 .88 > JI1r26 617635 3.252 80gc 767 -$$47954 
756613-$7 5866317601}: D$08>c7 *63613.8828659[7571|1. $8485 2c 
75 6513-32892 37 7602); 3.87 ©g2741763713-3329220]7672Þ7.5 849086 
156$;-$789811}7603/;.8 "7 g9850]763*[3.8829>971767:|3.585g652 
1569: -2799385176 2413-581 0421[7639j3.383 03657 6>.:13.8f%50218 

7570ÞÞ-$79095 g/7605/3.881099:[764c];.8830934j7675]3.83850>8; 
75713-37915 32! 26063881156; 70.4113. $831 55 25 |3.3$5135 
257213-8792106/7605 3. 8121 34 6.4:13.553J207 647 SOSIG!h 
-$73Þ-8292685 7558/3851 2>05[>64:1.5 $326 54/1655 3,355 2.48; 
44s. $544. poogenthe ht,m. 444k 71-57 $8530.45 
557613.8- rr} 3-881441 717640[3-$$3434:7 _ ne S54178 
75 77]3-8794973/7612/3 $81498+|7647/3 dS3490 11768: 1.585 $74: 
257813-87295546/761 2}3.8815555]76453, S335 478]765.[3.5855 308 
1579]i-$796t19 7514); .$8$16125 -649/;.8? d26047[>58413.*5;5F85 
7586/2.$796692/761 [3.881669] 55ols.$836614[>58, 38456439 
7581[3-$797265/2610| $$17269|>55113.88;>15.[>584[3.$ 557554 
158213.8-9783+|>62 >); S31784c[765212.583775<|68-11.3$5 7569 
>583013 $>98.111|; "6183. $81841c|p603j2.2839317 *68L]3.*8;8r1 24 
7584(3-57939g8;[7 5197. $3189" 765413 $$38J$, 768g]t.3586ge 
7585 $799: 566206]; 8$1955cl76s5 els 3:9452|:59-1];.8859262 
7586]3.8890128|>621/;.8820120;765 13 $845 >19/- 391];3.885g 528 
758713. *00701|7612|3: "$206591765 75138-59384050<©]?69213.$8503y: 
758813. POT2 7717623 3.$$21259]7658[3.8*z115417693[3.885095;| 
756 3.880184 762 als. 88218297659 3.06041721 7694|:+.836xr5c22 

759013- B80241d|; 262518: .$322 39$}766: * $342288/5695 3.9 852086). 
7591]: $%*0299c}7626/3.8822 96217661 3-8542855]7696|; 1.$392 551 
7592[3 85035621762 7|3.8823537176621[3.83.4; 42117697 3.3867215 
759303 3.88041 34/7628, 3.8824197[7663[3.$84393+|2598/3.886377 
75941; 1 $2047061762913. $824676[7664[3.834455 [75993 $35.474: 
7595 o$0oc238) 6} \C/3.88252 4:17665 33345 422(7703)2.9 6490+ 


Dd 4 


Cu1ntias 


7701 
7702 
7793 
7704 
7705 
7706 
7707 
7708 
7709 
7710 


Num.|Log arithm. 


Logarit hm. 


Num. 
Fe1j3-$865471/7736 
3.88660357737 
3.866599 7748 
3-8967163}77 39 
3-8867726 7740] 
3:$8568290/77413 


4869410743 
3.8869980 7744 
3.88705 44 7746 


963854177 4213+ 


77I01 
7712 
7713 
77143» 
77153 
7710 
7717 
7718/3 
7719 
7730 
7721 
7722 
7723 


3. 85711077746 


3. 38816797747 . 
3- 8872233774813. 


88727967749 

$8733597750 
7716|3-8873922/7751 
38874485 7752 

$£25048]7753 
3.8875610 7754 
2. 887617317755 
3-5876736/7756 
3-88772987757 
3.88778507758 


772 


7735 513.8878985 7750 


3-887842 317759 


3-8885165 
3.8885726 
3.88862 87 
3.8887848 
3.8887410 
3.0587971 


3-8893577 
3.83941 36 
3. 8894698 
3-S8g525h 
3-8895818 


Num. 
1771 
7772 
7713 


Logarithm, Num. 
3:8904769 7806 
3-4995326|7807 
3.8905 887,7 508 


1774 
2775 
7176 
7777 


921777% 


1779 


7780 


[7781]; 
1782; 


778313 
1784 
7785 
2786 
7787 


| 


Ve ALD bs,” 


3. 5906445! '7 809 
;3.8907004 7$1 of 
3.8907562\78$11 
;. 89081207812 
"7 $908679,7813 
3.89092387814 
3.9909796,7815 

$9103 54/7516 


| 
.$911470/7818 
3-991202 781g 
3912586 7820 


WELL 

3. $242 Pl 
38924841 
3+ ihe 
3-8925954 
3-*92G6Flo 
3.892706 
j-8927622 
3-vB9281i 78 
3.892873 

3-392929 
3-892 9846 
3.8930401 
3e8930957 
3. 8931512 
3.893 2068 


3-89131447821 
3.891 3702|7$22 


7788 
7789 
1790 


Js 8896378 
3-8896938 
3. 38897498 
3.8898058 
3.8898617 


7726 
7737 
7738 
772 
[7730 
7731 
732 
3533 
2734 
T7333 


LD 


3-8879547/701 
3-8880109 776: 
888067117763 
3.88812 33/7764 
3-8881795| 765 


3.8899177 
3.8899736 
3-8900296 
3. 8900855 
3.8901415 


1791 


7792 


1793 
7794 
795 
7796 
7797 
1798 


71799 
7800 


| 
3-v91537517825| 


3-89142 59/7823 
3-891481 717824 


3-8932623 
3.8933178 
3-8933733 
3.8934288 


3-8915932[7826 
3-8916486[7 825 


3-8917047]7828 
3-8$917604[7$2 

3-891 81611-8390 
3-8918718[>831 
3-8919275 
3. 8919832 
3-8920389 
3.8920946 


7833 
7834 
7835 


78 3213-8938727 


3-8937618 
3.8938172 


3.89392$1 
3.8939836| 
3.8940 390 


3-8882 3577766 
3.8382918f7 767 


3-8901974 
3. 8902533 
3-8903092 


7801 
- $02 
7803 


3-8903651 


= panes des 
13. 8884603 770l 


$04 


1.890431ch 805 


7836 
7837 
7838 
7939 

840!3: 


3-89231503 
3.892205 

3.8923616 
3.892 3173 
3.892 372917 


-$940944 
38941498 
3+ 0943053 
3. 8942607 
3-8943161 


CuFL "MO 9 


_ Num: Logarithms. Num. Leger: thm. [Num jLog arr rr hm, (Num, Lr—_ 


['P 7841j3.9943715,75763 $96325%7 211 $983 $14[7945|3-9021486 
42 +$42(3, $944268/7 $7713-0953 $03/7 9125-5982 863/2947 3-93 22032 
get 7843]3-594492 1/7 $73 1-3964160,791 303.898; 412) ©2579 
54 784413- 2945376787 9 3-2904711179 1413-398 396c[7949|3-9203125 
16 784cſ1-8945929/7582 «þ :3965262/7915 7 y 3.450% 195 1-22 23671 
66 784613.$946458 37 I3.2960F013/7916 1 Sy$5o5 817951139 24218 
22 7$47:3-59470 DO 2 $8204 0906304797 [Re»v9 55661795: [3-9 4764 
78 84813-89475 17S 03 13+ SgSOg1K ” 1 © 3-TgS6155 795 [5:9055310 
3 784912. 948143,7884|3.895- 466,7919]3. 89867031795 4|3+990585 6' 
| 18503-8948692/ 7825 Sg58017 7292e<P3\.89g$7252[795 5/1-9026402 
7851j3.99492 5$0/7856,3.8963568,7921]3-8/878><[7g56|1-9 206948 
785 2)3- $949 503/7 *$73.d95g115j7922[3.$985 34 817g 57[3-2907494 
85313-89503 5 6,79 5d $a hs 4 "98 *8g-|7y5 813.geo8039g! 
7854, 3.8950g0g|783g .$970220,79:4]7.$9894.45|795g13-9008583 


78 5513+ 951462|2890/1.8970720/7925 1925999 317 96c13-9009131 
78 5613-3952 >15|7591]3-B971320j79 23-8990 541[2961[3-9009676 
7857|3-0g5256+|75g21;.8971871,7927];.899108g]-g62[3-9010222 
7858'3-895312c|[75g3|;3-8972421][7928|3.@991636[7963|3:9210767 
7859,3-©95 367:17594/3.3972771[79: 93.5992 164[79643-991131 3 
78603: $9542 5/7895]; 9 35211793: 3.899273:[796513-9011858 
78613 954777 S613 237 407117 93t]Þ3- 99327917 g&tÞ 9012403 
7862; 4.99553} : | eg mi-2974621 293: 3-399 3527 7907 je 12940 
786} 3. 7955985,” g 83751711795 5P3- $994 37 5[7 96034901349 
286413: 295643 5]7 99/3 

786513:995693 -905]3.99562711753z3]t.3995 465 "@7C «y9214583 


7066 3.3957 FI « WW IigoUl - \ \ 
"4 » + x . ky = . __ 42 - | = . «i Sas » ez OD! 
286713-9955091! J Sie FAf& FT, > 3.5995 0417 97213 JO15073 
| 7$68;3-295 045179 0977 y2C1[793813.5997 007797 33: <OECEI 
7569/3-29* 9195] 904,i-©97 5469179 39: 99976 5379743 9016702 
[29 7003s QY « # of | 5 g . JoIg T94C 2 59982 fo 27 he.” wa |» KELTO 7, 
77113-8260 9317 996 17956*17941]3.899®>52/797 613.991 "351 
787213-8960351[79 5743. 900 1 I 717942033 999299797 7,4-92155 g6 
y t Pies x my 0 ' 
787 313+ «196140: 797 *. 3-090066717943]3-59999546/797 (3-v -1994eC| 
7874j3-9961954| 790 913-SSD LENO J-9220392/7 9793-9 219455F, 
287513, 5902506 7919:3.8931765 794) jeg COOY?T 9179: © J-SO20029 

| A — 

Dd 


CHulillas 


un.| Log «rithm, 


198113.9020573 
7198213.9931117 
79d3[3.$021661 
79e04'3.9022205 
29851 -9C2274y 


80106; 
8017 


$520 


7986}; 9023293 
7957 3.992 3837 
7985/:.9924381 
7989 3.992492 
7999/2. 9025465 


$031 
3022 
$ot 7; 


7991|:.3926011 
7992/3.9026555 

799313-90270gd 
7994 4968 bo 
7995: 3.90281 $5 


SO2 7 
%o28 
$029 


7997, 3-9029271 
7998 3 .9029814 
999 39030357 


OOI 3-903 I 443 


[3-90 33071 
3.903J3612J 


79963. .90287328 


©000,3. 9030900 


$002.3.9031985 
003'3.903252d 


8031 
803213 
$033 
$034 
8035 
8036 
8037 
8038 
3039 
$040 


3-9035241 


613-9934150 
3-9934698 


8041 
8042 
$043 


8045 


Num Num.| Logarithm. 


| 


301 813.90 40661 
$191} 


8030/3 


3044 


Nam, 
SOF1 
8052 
$053 
$054 


39039577 
3.y9040lltg 
9041202 
92417445055 


[ 


9. 


| Logarithes, Num. 


— ————— 


3-995 8498 8086 
3.90590388087 
3-5 955 $77,508813, 
3 9060116 803g 
3.90 69656 8090 


4 <li 
3-904282 71805 73-9 
3.9043 368805) 
3-9943909 3059 2 


3.9046074 8063) 


«9047155 8065 
4+ 459/464 park 
3. 904823 7 $067 
3.9048778 8068. 


3.9049859 $070 


Hi 
| 


3-9946615 8064/3 3.906550 
[3.906604 


3-9049318 $069) 


-9061 1958091}; 
961734092 
3.996227 3jdo093 


?. 


. 906281 2|$0g4 
$02513.90444502 $06c \6c'2,906} 


251.5095 


| Logarithm, 
39077337 
3-9977874 
$97S411 
3.997894 
3.9079485 
»YO80023 
3-9080559 
3-g9o81ogy 
3-9081632 
3-9082169 


5026! 3. 9044992, 3961 3. «929639589 $090 
3.9945533 $062) 


3.906442 8, 8097]3 
3-9264967 8098 
58099 
4/8100]; 
3-9066528/8101 
3. 9067121/8102 
3.9067659g|}8103 
3.9063197 


[2.90687 35 


$105 


3-9050399 0071 
3.9050940 8072 
3.9051480 $073 
3-9052020 8074 
3-9052560 8075/3 
3.905 3101 8076 
3-9053641 5077, 


3-9054721 \$079 
3-905526x 8080 


3+9937951 


15k. 


$.9036867 
3-99 37409 


8046 


8047 
048 


3.903849 3|$049 
90390758050 


3.90558018081 
3-9056341, $082) 
3-9056880 ges;3 
3.90 57420 8054/3 
2-9057960'$085 


3-9954181 0787 9073038 


$106 
$107 
$108 
8109 
8110 


3e-9069273 
3.906981 2 
3-90703FO 
3-60708d8 
4, -Q071425 


$104 


3.9082 705 
3.9083241 
3-9083778 
3.9034314 
35. 9084850 
3-90g5 386 
39085922 
3-9086458 
3.9086994 
3-9987530 
3-9088066 
3+-9028602 
3. 90391 37 
3.008967; 
3.9090209 


$x11 
$112 
8113 


3-907 1963 
pt 
3-907 3576] 


3-9074114|$115 


8114 


3-9090744 
3$-9091279 
3.90gI815 
3-9092 359 
3.9092 885 


$116 
3117 
8118 
$119 
$120 


3.9074651 
3.9075188 
3.9075726 
.907626} 
9076 800 


. 


$-909343 

3.9093955 
3.9994490 
© Net" 50% 
3.9095 560) 


| 


4 


CORDS Rb OG. - 2 TCO”. I. i. ne 


"A \S þ» 


Caliltlas 


$121 
$122 
$123 
$124 
$125 
ms 
3137 
$128 
$129 


3.9096095 
3.9096630 
3-9097165|S158 
3.909769g;8159 
$+990982 3415160 
3-9098768' 8161 

'# Þ=y +\8145> 
j.909 9503 - 
3.9099837i18163 
3.9100371138164 


Rum Logarichm. Non poi 


$157 


Num. 


9. 


Logarithm, Num. 


1 $6]3.9114772 


3.9115305 
3.9115037 
1,91 16369 
2.91 16902 


$191 
$192 
5193 
$194 
8195 


$13013.9100905 
d13113.91 91440 
$132[3.9$191971 
$13313.9102508 
$1 34/3.9103042 
dr 35]3-9103576 


$165 
8166 
$167 
8168 
816g 
8170 


3-911 7434 
3-9117966 
3-911 84950 
3-9119030 
9119562 


$-9120094 
3.9120626 


3.9122320 


$196 
dI197 
$198 
$199 


39133369 $226 
3.913 3899 $227 
3-91 344308220 
3-9134960,8$229 
$9135 499/823 

3e9136Clg'$231 
$.913654983;2 
3-9137079/8$23; 


3-91 3760g(8234 


$200 
$8201 
$202 


3-9138139 
3-9138668 


3-9121157, 
3.912168g| 


$8293 
$204 : 
3520513. 


$136[13.9104109 
$13713.910464 3 
$238'3.9105177 
$1391;3.9105710 
$140/3.9106244 
$141|3.919677 

$1421[3.9197311 
$1433.9197844 
$1443.9108378 
$14513-9io8g11 
$3:9109444 
3 9109977 
-JI1051LO 
$.9111043 
JITI1TF7 


1 CA ts, yy ee EO Oe 


.0112109 
9112642 
49113174 


C LOLLI PO? 


3 / - 


$171 
S172 
8173 
$174 
$175 


3-9122752 


8206!3.9141 315 


3-912 3234\520713-9141844 


3.9123815 
3-9124346 


$2053-9142373 
$259 3.9142903 


$235 
$326 
S237 


218238 


3239 
$240 
$241 
S342 
$243 
5244 


3.9124874)8210|3-9143433 d2 45 


S176 
8177 
3170 
SI7g 
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513.3931 00819. 999867218. 39323 36[11.606766413 5|1.6068992þ0001 32} 
$.398$1793(9-99986411$.3983152[11.6016848$[34[1.601 $207|.00013 59 
8,4031990 9.999860918.403 3381|r1.5966619133 1. 596001c|.0001 39! 
«408614 9.9998577 8.4983037ſ[1 586786861 1.59183 86000142; 


© ww oluwn 


2 918-41 30676-99985 448. 4132132[11.5867868|31|1.5 869 324{.0001 456 
of8.4t79190Þ9.99985 1218.41 $0679|11.5 8193214301. 5 820810000148 


| . TANGENT 
complement. Sine. Complement. Ta ng. |s 


zZ0 
3Z1l' 


36 


39 
4© 
41 
42 
43 
44 
45 


wA 


37) 


oh Sine. | 


-— — —— 


841791909 
'S. 42 


' ' complement. 


5.4593913 
2.4636649/9 
8.467985c 
$,4722026 
$.4764984 
$.480693; 2 
3.4848479 


9.99981 99 
9.999$162| 


TTNE 


Tang. 


«99953512 8.41 80" 7 111, 5519321 21 30 
27168 9.999 347Þ 5.42 IRE 577131029 
$.42 745:1,9-9999445 $-4276170|11.572332428 
64331561 9:99 4115.4323150|11.5676550 27 
34s. 436 679999 9995 376 5.4369622 
3518.4413944 9.999834: 3.441560; 
3.445 9409 9-99983068.446110; 
$.4504402[9.9998271 $.4506131 
3d, 8.454893 4/9.99982 35;3.45 50595 


$.4594014 
$.4635486 


_ 


TANGENT | 


con piement.. FL 


11.5639370 2611 


[1.5534397125 
TP 553889724 
11.5493869/23 
[1.5449301ſ22 
11.5405186/21 
(1.5361514 20]: 


9.99y>08d 
99998059 


9.999812 5| 


8.4601725 
$.4724535d 


2.999S012] 
9:29991974 


8.4%03920 
'8. 4850505 


36 
47 
48 
49 
JO 
FI 
52 
53 
54 
35 
F6 
57 
58 
F9 


60 


8.488963? 
$.4930398 
$.4970754 
3.5010798 
3$.5959447 
$.5089736 
$.5128673 
$.5167264 
$.5205514 
8.524342C 


99997935 
9-9997896 
9-9997 >56 
9-9997817 
3.9997776 
9.99977 36 
9.9997695 
29.9997653 
9.9997612 
9.9997570 


$.4891696 
$.4933 502 
$.4972920 
8.501 2982 
8$.5052671 
8.5092001 
8.5130g78 
'8.516961c 
8.520790? 
8.5 24586c 


Comp Aruh- Com. Ar:th 7h. 
tic, of Sine. of of SineCom. 


l.g820810. .0001485 


1.5772 532 .0001522 
1.5725379.0001555! 
1.367 3439-c00158g 
+F632COC1 -0001624, 
L.5 5860560001658 
l, 5 340592 COCTOEY 
1.5495598.0001729 
[.5451066.c001 765 
1.5406987.0001801 

.5363351.c001838; 


l1-53158275|19 
[1.5375462|15 


l.5320150/.0001875, 
1.5277 374-0001912. 


$.4766933 


(14523306717 
[1.5191080{16 
[1514949515 
11.510830414 
11,5067498|13 
[1.59027073, 12 
l1.4987018|l1 
(1:4947329\10 


t.5235016.0001950 
1.5193068.cco01988 
L,FI51521/.0002026| 


F320 OY 
t.5069 0210003104, 
1.5029216,00021 

1.4989202 pram 
1.494953 32002224 


11.4907999 
11.436902 2 
t1.4830387 
11.4792098; 
[1:47 54149 


$.5281017 
$.531 8381 
$.5355228 
8.5 391563 
8.542 $192 
_ SI NE 


complement. 


9:9997527 
9-99974834 


949991441 


9.9997398 


9.9997354 8. 
| Sine, 


8.5 2 8$349C 
S.5 32 ©797 
$.5357707 
8.5 394466 
5430838 
TANGENT 


[1.4716510 
11. $4679203) 3 
11.4642213) 2 

11.4605 534, 1 
[1.4569162 


1.4910264.0002264 
1.4871327,.0002305 
I. .4832736|. 0002 347 
[ -4794486,0002388, 
I .4756570|.0002430! 
1.471 8983.0002473| 
1.4631 719,0003516, 
2[1, 4644782[0002559 
I. 46081 37,0003603 


I, 457 1 808.2002 646 


| Tang. |33 


| 


complement. 


| 2] Sine, | 


SIN\E 


con npleme Tt. ". 


| Tang. | 


TANGENT 
complement, 


Com. Arith- 
metic. of Sine. 


om, Arith, 
of $1 nel Tom, 


_©15,5 428192 


113.5404218 
2/5.5 499940 
319.5535306 
48 FF705 

FIR, 5605404 


| 618.5639994 
7,13.5674310 
813.5 708357 
9/3.5742139 


3.9997 902 
2. 9997036 
9:99969 8g! 
9.9995 942|® 


9.9996894 


0. 5677257, 
F7IL3 68. 


8.577 $766 


9-9996846 


9-9996749 
9.9996700 
9.9996650; 


19'5,5775660 
1218.5841933 
1318.5 874694 
1518-5939483 
018.5971517 
8.60348 36 
$.6066226 

2 115,61082 35 
22]8,6158910 
2418,6219616 
2 $18.6349654 
2718.6309111 
38'8.6338537 
(3918.6396796 
SINE 


9.9996601| 
9-99 96560 
9.9996500 
9-9996449 


9-9996798 


$.5812077, 
$.5845136 
8.5 877945 
$.5910509 
2.5942822 
0.5974917 
$.6006767 
8.6038386 
$.6069777 


| 


11.4322725 
11.42 83632 


5745197;11.4254803'5 


T1.42212 24 
11,.415792; 
11.4154864 
11.4123055 
11.4089491 
1T.4057168 
17.403508$3 
11.399323 
11.3961614 
[1.393022 3 


9.9997 3549%:F- 543083011 .4559 162/60)! 
9:9997 309, d, 545599911, «4532991, 
9.9997265|3,5502683r1.4497317 
999972208. 5533156[11,446183457 
3519. 999717413 F573362[11.4426630 

9.999712 5/5. c60827611.4301724 
(0-F642712 11.43 35 7088 


= 


45 
44 


3143 


42, 
41 


$.6100943[11.359905 7140 


1.45 71 503|.c 
1.45357 32þ 
l.45 ©0052 
[e440 4614 
1.442 9464 
1.4394596 
1.4360006 
1.4325690 
1.4291643 
1.425781 
1.422 4340 
1.4191977þ 
1.415 8067 
1.4125306þ}0003J251 
1.4092791/9003300 
1.4060 5170003350 
1.45284+*3\.0003399 
[. 399662 3|.0003456 
t.3965114,000350 
1.39337 74-0003551 
1.3992659,9007 602 


.CO02646 
9002691 
00027} F 
-200279C 
.0002826 
L000: $72 
0002918, 
-2002964 
0003011 
,0003058 
»0003106 


000315 
+000 320: 


| 


9.999639 
99996346 
9.9996294 
9.9996242 
9.9996189 
9.99961 36 
2.9990082 


9.9995974 
9. 9c9g9i919 
9.9995 865 


118.5808g923 
1 4/8.5907209 
1718.6003317 
18 

l 
20'$,6097341 
2 318.61 89369 
Z 8.62794$4 
2$8.6367764 

complement. 


Jne, 


$.6131889 
$,6162616 
8.6193127 


11.3868111 
11.38373 84 
11.3 80687; 


9-999692 8| 


$,6223427|1 1. 
8.6253518|1r. 


377657? 
3946402 


11 
'S 
il 
IN 
'M, 


6,6203407) 
$.631308$: 
8.634256} 
8.6371845 
$.64009 31 
TANGENT 


comple nent, 


| 


371659 
«3686917 


23657437 
«3628155 


3509059) 


Tang. 


39 
38 
37) 
36 
22 
{4 
33 
II 
iy 
JO 


1.38717651,0003654 
l, 3841090 0103706 
1.381057 1.000375 
1.3780384.0003811 
1.3750 3470003864 
1.3720516,0003918 
1.3690889.,->c03 973 
1.366146; ,0004026 
1.3632236,0004051 
1.7603204,0C041 35 


} 
' 


bk. "+ a SINE ; TANGF ; \Comp Arih-|C | 
2 2 vINC. [complement. | Tang. | Ci! ple | nn Sine Com] 
6 308, 8396726 9.9995865'8. 8.640 gl, 1.359996g 3011.36 2653 9o.,l.0004135 
1 318.64: 5534/9 9995 meg agae3ns| $3570175/29|1.4574366.0004191 
T; E $2/8.64542 :23:19.9995753 3-645852 rar roa 3545718.2004247 
IC 5318-6432 74? 19993697 8:6487044|1 1, 34954635'27, FORE S "| ©CO43O03 
6 3415.55 1101619.9995641 $.6515375|r1. 345 6478/26 Wet 3984-0C04359 
& 3515.65 39107(9-9 299955848-6543525þ 1 34564782 5/1.3460893|.2004416 
$ 36 3.656701719:5 9995 3* 4s 557149*|tt, 3423516/24\t. 3432903 0904473 
4 3713-65947439-9995469 © +2599279[11,34<0721]23|1.34052 52,9024539 
1 308.6652 3 319-9995411 8.60268g1 11.337;109j22't.33757657\.ccoy589 
8 39 3.6649584'g. 9995353: 8.6654331 t1.3345669/21|1.3350316.0004647 
6 40 $.5676*9219, 29952 94 $-26S159* (11, 1.3213402|20|2 3323007. ho 
4 [4118.57039 3319-99952 3 2358.6703697) 773 Z291;03|19|1.32 2960680004764 
2 4118.6730804(9-9995 17615673 562 >|, 1.2264372/18|1.3269196\.0004824/ 

1 433.6757 51019-9995 1618-67 «6762395 {11,3237607;17|1.3242490/.0004884 | 
0! 4415.6795405 212. 2995 056% 6755996\11, 3211f04(16[1.321594' [0004944 


45 8.5 $1043219- 999499618 951543711 1-3184563'1 6 0 1.3189567/.0c 0005504 
7618.583565419.9994935/3-6341719)11.31 58281 14/1-3163346.5c053c65 
47/15.68627181g. 999487 4% 6507508 [1,3132156\(3|t.3137282|,0005126 
48 $.683862519.9994812|©+" 5939513{t1, 31061387 1211,3111375\.coo5188 
49\38.691437919.999475015+691962g11 13080371 11[1.3085621| ,0005250 
5o| 4.69399 8- .99946583:59452 92j1 Tt. 3:301470firoje. J06OO!Tg\.0005J12 
5118595543 119:9994925 $.697080%|11.3029194/ g11.3034569| G005 372 
$2|1.0990734[).9994562 8, 5996172 In, I $11.3009266,0c05 438 
e3|*-7015889]). 9994498|3.702139c}t1.297 8610, l.2984111|.0005502 
$4138.704089g[g 2999443 5(% 7046465Fjt1.2953535 G|1.295g101.0005565 
55 nerd. 9994370 8.7071 39511. | 1.292 8605) 5 1.29342 34-COOF 630 
$618.7092.490'9.9994306[8.7 ©g96195 'T1. 2953815| 4 .2909510.0c05 694 
5715-71150759.999424118. 7129534\11.28791 66: % .2884925.0005759 
5 $(9,71295209.99941761>.7145 345 11.285 4655, 2[ .2860480,000; 824 
5913.715358299.9994110'3 7169719]t1.2830381} 111.2836171\.0005 Bgo 
(6013.71 $8002 9.9994044' $,71929658$111.2806042| o\1.2811998.50005956 


=1 6. TANGENT 
compleme! H Sit IC. ' lcomplement. | Tang. 37 


_— 


128 


4 


© 
1 


i443 


(0) 


7 


t9 
20 
T] 
22 


"y 
- 
* 
- 


= 


wY 
26 
27 


| 3] Sine, | 


SINE 
comple: me:'t, 


1 518. 7535278 


$.7645111 


*"Y 


z o[8.785675 3 


718000 


'$.7112040 
$.72 35945 
$672 59721 
$.7283306 
8.7206$88$82 
0.7 330272 
997353535 
87376675 
$.7399691 
$.7422586 


9:9993344 
99993776, 
1.999370® 


9+9993503 


$.7445360 
$.746Sor5 
8.7490553 

3.751297} 


9-9993293 

9-999322} 
9-99931952 
9.9993081 
9.999 3OOg 


3 99940448:7193 953811, 
99993978, 721006311, 
9.9993 911; 5,724-035 I1. 


| 


$.75 $7469 
8.7579546 
5.760152 
$.7623366 


9.9992938 
9.9992 865 
9.9992793 
9.9992720 
9.9992646|2:/023230) 


$.7666747 
8.7688275 
$.7709697 
$,7731014 
$,7752226 
$.7773334 
$.7794340 
8.7815244 
3.7836048 


9.9992572 
9.999249 * 
9.9992424 
9.9992 349 
9.9992274 


; TANGENT 


| comp lem cnt. 


| Tang. 


Com. Arith- 
mertic. of inc. 


Socogd 


2TDI9J7 
7777 
$:226387711,2734123 
8.72 $958911,271041 1156 
'$.731317417. 268682655 


i.28$11 99% 


of Sine Com 
x7 


..om, Armnh, 


l.2787960 


1.276405 4þ 


71102740275 
[.2716634 
1.2693118 


.22060022 
coobo8g 
0006156 
0006224 

0006292 


3.9993 64057336531 11.2663369.54 
2.9993 57212-735996411, 264903653]! 


$.738317211,2616828'52 


9.999343 318.7406258 11259374251 
3-999 3364/2+7 429222 11.,25707705Y! 


3.7452007 11254793349 
$.7474792 11.252520848 
8.749740011.2502600/47 
8.751989211,248010846 
2.75422691 1.2457731/4L$ 
8.7564531]11.2435469,44 
8.758665111,2413319 43 
$.7260871911.239128142 
$.7630647|11-2369353(41 
$.765246511.23475 3040 
8.7674175,11-233582539 
3,7695777,11.230422 3/38 
8.7717274111.228272637 
8.7738665[11.2261 335 36|1 
$.7769952|11. 22400435 


9.9992198 
9-9993122|® 
9.9992046 
9.999196g 
9.9991 892 


SINE 


Sine. 


complement. 


5,7781136111,2218804 34 
$.7802218{11.2197782,33 
$.78231991[t1. 217680133 
$.7844079|11-2155921131 
8.7864861r1 .213513930© 


com = ent, 


l,2669728 
-2646465 
1.2623325 

1.2600309g 
2577414 


.©006 360 
p< 006428 
.0006497 
.0006567 
0006636 


1.25534640 
1.25 31985 
"S00447 
1.247027 
1.2464722 
1.2442531 
1.242045 4þ 
1.2398488$ 
1.2376634þ 
1.2354889 
1.2333253 
2311725 
1.22 90303 


2247774 


000699 
.0007060 


000735 
o0074u 
+0007502 


1.22 68g9£6|.0007651 


puny << 
.0006777 


<oo69t 


000691 


0007035 
.59007207 
0007 2 50 


,0007576 


0007726 


2226666 
2205660 


2184756 
2163952 


.000780! 
.oco7878 


000795 
0008031 


I. 
I, 
l. 
I, 
I. 
l, 


2143247 


,000510 


TANGENI 
Complement, | _ 


0.7 864861]11.2135139 
$.2885544/11, 2114456 
$,7290613o[11.2093870 
$.7926620/11.2077 380 
3,7947014 11, 2052936 
$.79673 13'tT. 2032687 


a———_ - 
z| Ine, Conplatn 
FO 735675319.9991892 
z3118.7877359/9-999 1815 
32 /3.7897867\9.9991737 
33/3.72918278'9.9991659 
3413-7933594(9.9991 580 
35/3.7958814/9.9991 501 
9.9991422 
3.9991342 
9.9991 262 
9.999I1d2 
2.999110! 


Tang. 


|Com. Arith- Com. Arith+y 
metic. of Sine. of SineCom 
20 1.3143247. .oooB1o 


291.21226410008185 
28 1.2102133þ,c008263 
27 1. .2081722/\.0008 341 
261,2061406, 0008420 
251, 2041186. 00298499 
$.7987519111.2012481[241. 2031059 .ooo8578 
$,$6007632|11.1992368]:3 1. 2051026; noo8658 
$.8027653111.1972347 22/1, .1981085' ,ooo8738 
3.8047553{11.1952417]21;1, 1961236.0c0 8818 
3.806742 21j11.1932578]20 20.1. 194147 77|--008899 
9.999102c[3,$8087172[11.1912828 19, 1.1921308, :£08980 
9.999093*[3.3106834|t 1.1893166 181, 1992222 5.0009062 
9.9999856]%, 812640711 1.1873 593]17]11.1882736.0c091 44 
9.99907 74(1$.8145894|11.1854106]16,1.18633 32þ0009n26 
2.9992691[8.8165294/11.1834706|15\1, 184401 5). 9309 
9, 9990608[8.818 $184608[11.1815 392 _ 1 2478300009391 
9.9990525 3.820383 3'11.1796162[! 

9.999044115.8222984}11.1777016 
9.999935715.8242046|11.1757954 
9.9990273[8.8261026|11,1738974[2 


£- und, 


ww i Ong 


—_— x 


co O 


$.8038764 

8.805852} 
4118.8978192 
$.89977 72 
43 8.81 17254 
$.8155985 


$.8175217 
8.3194363 
$.8213425 
8$.8232494 
8.8251299 
$.9270112 


1.1767596\,m0c9643 
:I.5748701þ,co00g9727 


218.82 83844 
3.8307495 
$. 8326066 


$5188 :4.4557 


$.8362969 
$.8;381304 
9.8399561 


9.99992188 


38279924 


J.9990I103 
9.9990017 


9.9989758 
9.9989671 
9.9989584 


99929930 


$.8298741 
8.831 7478 
$.8336134 
$.8354712 


11.1720076 
11,1791259 
I1.1532522 
11,1663 864 
11,.1645288 


3.8373211 
$.8391633 


8.8409977 


11.1 62678® 


[1.1608367 
I1.1590023 


1.1637031.9010242 
1.1618695 001032 
1.16004 39,001041 


$.8417741 


t.1582259.,c01050 
6018.84 358545 


I.1564155.0010592 


$.8428245|t1.1571755 
3.844647 3[11.1553562 


9-998 94g! 
9-995940d 


— 


SINE 
Complement. 


| Sine. 


TANGENT 


Complement. 


| Targ. 


ITE _ —— RY © S 


of; 


| Sine, 


SINE 


compement, 


$.8435545 


9.9989408 


» =|0 . 
WW 


«$471 527 
315. 5489707 
413.8507512 
$Þ3-8525245 


$.8453874 


16 $.8542905 
71.8560493 
$13.857821c 
9198599457 
10 8.861283 3 


1418.8681646 
15]8.8698680 


99909319 
2.9989239 
1-9989141 
9-99 59052 
1.998896: 
2-99883871 
32-9988 780 
3.9988689 
9.9985598 
9:9938506 
2-998 5414 
)-9988321 
9.998822 + 
9-9958135 
9-9938041 


Tang. 


8. $4464 27 


9.8482 597 
$.850056 
3.851 3461 
3.853628; 
$.5554934 
$.8571713 
3.3589321 
$.3606859 


TANGENT 


U1.1553563 
8.53464554|11-1535446 


611 149943+ 


$.3624326 


Complement, 


S 
S1O 


tl.IFI7403 


11.1481539 
[1.1463717 
t1.1445966 
[1.14282 87 
[I.I410679 
LIT 39;141 
[1.1 375673 


1 —Y hd wy ww 


ne Boob 4 © 
= wr wo Th — Q. <<} * 


- 
oO 


8.864172 5; 


$.8659055 
$.8676317 
1, 8693511 
$.$710628$ 


l[1.1358275149 
11.134929444d 
11,132 3653147 
[1.1306459/46 
11.1289362[45 


1618.8715646 
1718.8732546 
j1 $18.8749381 
t918.876615c 


9-9937947 
9.993785; 
9.998775e 
9.998766; 
2.99975 67 


58727699 


5.8744694 
$.8761623 
8.87-8487 
3.87952 86 


11.1272301/44 
1.1255 306{43 
11.1238377[42 
[I,1221513}41 


11,1204714'/40 


cl8.8782854 
113.8799493 
21$.8816069 
313.883258; 


2.998747) 


9:9937375 
9987278 


$.8849031[9.99871 31 
513.8865 41 8]9.9987084 


SINE 


| Complement. 


613.8881743[9.99 $6986 
718.889$2507}9.99 86888 
$18.891420919.99867gc 
29[8.893035119.99 86691 
oj3. 894643 319-99765 91 


Sine. 


$.8812022 
3.8382 8694 


3.8845 303 
8.8861850 


8.8878334 


11118797839 
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I0.7420099 
10.7412901 
10.740F7T5 
10.73985 39/41 
10.7391 375j42 


9.9928753 
9.992 8522 
9,9928291 
9-9928059 
9.992 7827 
99927595 
9.9927362 
9.9927129 
9.9926895 


19.264428;3 


9-2615779, 
9.2622921 
9.263005} 
9-2637173 


9.2651382 
9.2658470 
9.2665547 
9.2672613 
9.2679669 


9.9926661 


SINE 


complement. 


Sine. 


TANGENT 


complement, 


10.7 3203313©|. 


10.7384221;39/, 
10.7377079|38]. 
10.7 369047/37| 
I ©. 7362827 36 
10.7? $5717 35 


50760425 55 
59.75 961 39. 


«7 546368 
7539305 


49.7525216 


$742 7890. 007227 


om. Arith \._o1 .om, Arithj 
[m2t, of Sine, of Sine Com 
005648; 
096670 

7588993|00669z; 
75 185gþ,0067155 
-7574736þ0067379 
7567626þ,0067604 
«0067829 
7353442 þ206305, 
.206828c| 
Loo685c, 
00687321 
0068959 
.0069186 
006941} 


7532254 


RE 


7518189 
»*JFILT73 
«7 504170} 0069641 
74971781.006g869 
7490197\.00700g8 
27483228|,0079 327 
.7476271|,0070556 
+7469325!,0070796 

7462391\,0071016 
745 546840071247 
74485 56007147) 
27441656; 0071709 
e7434767,0071941 


10, 0.734851 834] 
1997 341 ſ39,33 
104733445 3/33þ 
10.732 738731]. 


+7414168,0072638 


$7421022.0072405 


1497324, 0072871 
7400491,0073105 
739; 670.0073339 

— 


| 


Tang. 7 


= 


2 - —_ cd —_ \ A az — $- rw > 5 —-/ 
. 


4 


Com, Arith-C om, Arith. 


2 2 STNE 
19) DINE, Weber Tang. 


_ of Sine, of SineCom, 
DI 2606330 9.992 65461,9.267966c|1c.73 7320331 ;ol. 7393670 2345 
31902613141) 


9.992042 7,9-2686714[1%,7313 7 3132 8629 7386859 0073573 
32/9-2619941|9.9926192 (9.269374911 0730625128, 23300592 2073F08] 
3 3|9-2 62 672919.992 595 7|9-2700772,10.729922$27|.7373271-007404 3] 
4 .263350719.992572? 9-27577$6|10.7 293214,!2 6'.73 66493 * 00742758 
3519-2 26402” 4\9.99254$6 9.27147 Mo (0.73S5212/35 7359726» 0074514 
36/9- 9-2647030/9.992525« * 10.727 5329/24.7352970 0074750 
37,9-2653775/9-9925017 92728763), 525123823)73 45225 0074957, 
3819,2660509/9.9924776 9.27357351[10.72642 267|22].7339491 .CO>F224 
39926672 32]9.99243599. 274269,4{1le. 2257306121/.73 332768; 0075461 


TANGENT | 
compleme! 't. i 


— 


40 
41 


(9.267 2.2673945 


9.2680647 
9.2687338(9 
9.2694919 
9.37 0068y 
9.270734c 
2713997 
9.2720631 
9.2727263 
9.2733880 
9.27404 37 


9.99247011g9. 2749614 l0,7250356|2© 732695556 


Kh, 


9.99233 46 
* +992 3106 
9.9922 966 
9.9922626 
9-9922385 
9:-99221 44 
9.9921902 


9.2747053 
9.275 3669 
9.2760245 
90.2767811 
9-2773366 


9.9921660 
2.9921418 


Pe abedects 
9. 992093 2 
9. 0920689 


9.2779911 


- 


2792 


SINE 


Compleraeit 


a dan ad 


902717345 
9.27 54242 


3$2 2 49-2763 514110.72 36486 
9.992 358519.2770434110. 7239566 


9,279113c 
9.2798009 
9.2804878 
9.2811736 
9.2$18585 


10,729199113|,7279365) 
[O,7I95122, I21.7272737 
10.718826411],726612#/.0 
[0.7181415, 


9.2825425; 
9.2832251 
9.2839079 
'9- .2845878 
9.2552677 

'9, .2$59466 


2786445/9.9920201(9-28662 45 
70'9.99199569-287301 4 
9.2 7994849. 291971119-287977; 
219 +2 $805905\9.991 9919466 9.238562 3 


| Sine. | 


TANGENI 
* | Complement. 


19.71 


10.7174577| 9 
1C,71677 49. 


t0.716093© 
4122 
[0.7147323 
9. 7149534, 
10.7133755' 
10,7126986 
10,7120227 


10.711 3477 
Tang. 


| 


4.9924063|9-2 756584|10.7243416|19 7319353 


£07 5699 
0075937, 


18$|.7312662-0076176 
17\.7305981-20764rs5 
(0,7222657(16|.7299311-©£076654 
1 ©, 0.721575815/. 7292652\.0076894 
10,7208869 14\,72560030077134 


rc 


IITED D2E LS 


79 


0077374] 

0077615 
-77856| 

.7256513-+ c078098| 


91.7252917.0078340 
724633 1 pad: 
.7239755-007882 5 
.72 331890079068} 
.7226634|0079311 I 


.7174013 


.7220089. pu 
7313555/9079799, 
.7207030;.00$0044/ 
7200516. 0080389 
o0805 34 


Sine. 


SINE 
complement. 


9.2396702 
9-2403851 
9-241 1097 
J.2413141 
9-242F264 
$19-243237%4 


N þÞ tw ws | | 


9:-9933292 
9.9933068 
949932845 


1.9932 


3.992JF1L5 


Tang. | 


TANGENT 


Complement. 


3.246318810.,7536812 


9-2479569 10.7529439 
9.247793910.7522061 
9.:2438529710.7514703]5 
N.993262119-2492643 10.7507357 
39619.249997810.7529022 


597596139 
ſ8\.7588993 
7531859 
7574736 
7567626 


. Arith }.,om, Arith 
mt, of Sine, of Sine Com 


.COH6485 


026670) 
006693: 
0067155 
0067379 
«0067604 


| 6/9-2439472 
79244555 
$'9.245 3632 
99.245069g5 


3.9932171'9.250730110.7492699]) 
1.9931 946:9-25 1461 210,7485 338 F 
9.993 1720/9,252191 2 10.7478038 
9.99314949-252920010.74760300 
9.99312689.253637710.7463522 


109-2467746 
1119-24747 v4 
12/9.24$1811 
13/9.2488827 
149-2495830 
1 519.2502822 


16/9.2509803 
1219-2516772 
18'9.2523729 
199.3530675 
209-25 37609 
$1,9-25445 32 
wo 551444 
239-25 53344 
2492565233 
2 519:2572110 
26,9.2578977 
2719-2585 832 
289.2592676 
29/9-2599509 
3019.26063 3O 


9-9931941 
9-9939814 
9-9930587 
9.9939359 
9.9930131 
9.9929902 
99929673 
9-9929444 
9.9929214 
9.9928984 


9.2565471 
9.257291 
9.2579901 


9.25942835 
9.2601461 


9.3608625 


9.9928753 
9.992 8522 
9,9928291 
9.992 5059 
9.992 7527 


9-261577910.7384221, 


9.2622921 
9.263005 3 
9-2637173 
9.2644283 


9:9927595 
9.9927 362 


9.9926895 


— SIRE 


complement. 


Sine. 


9.9927129 
9.992666119-2679669 


9.2651382 
9.2658470 
9.2665547 
9.2672613 


TANGENT 


3.2543742,19.7456257 
9.2 550997 10.7449003 
9.255824910.7441760 


9.2 5 $7099, 


10.7434528 
10.7427308 


$9.75322 54 


75605 2>],.0067829 
:755344tþ006805, 
$7 54636$|206828c 
$75 39305 Loo6 $50 
,0068731 
.7525216|,006895g 
27FIS1 $9[.0069186 
+7511173{.006941; 
.7 504170 
7497178069869 


10.7420099 
10.7412901 
10.740F715 
10.7398539 
10.7391 375;42 


10.7377979j38 
10.7 369047137 
10.7362827'36 
10.7355717/35 


19.7341 539,35 
10-7 334453133 
10.7327387/31 


complement, 


39.745 546840071247 


10.734861834.7421022:007240 


| Tang. |-g 


.7490197.00700g8 
$7483228|,0079 327 
.7476271|.0070556 
$74693251,0070796 
7462391\,52071016 


74485 $6,007147" 


-7441656.0071709 
e7434767,0071941 
742 7890\.00732 7! 


.7414168,0072638 
$7407324,0072871 
7400491007310) 
.739:670,0073339 


= Sine. | 
30.902 1606330 0. 9926541,9.267966« 
9.992642 7926867141, 7313286 5/29]: 7386859007357; 
9-9926192/9. 2693749\1 ©. 7306251128. 2380059+-2073808 
9.992 59579-27007 72, | O, 729922 827).5 
9-9935722/9.2727736[10.7293214:2 67366493 * 0074275, 
9.9925436 9.27147 288|0. 7385212135) 7359726+0074514 
(1 0.7273325/24.7352970, 0274750 


« 
33! 


34 


36 
4 


9 
40 
4119 
42 
43 
44 
pal 


147 
48 


3 619.2 


STNE 


| complement, | 


| Tang. 


0930.40 
9.2619941 
2626729 

'9.2633507 

g9.2647030 

9-2653775 

$12.2660509 


lg. 2667232 
(9.2673945 


9-992525« 
9-9923015 

99924770, 
92924359, 
9.9924JO1 


OO — — 


-2 

6; 
9.2735733 
9-274269 4 
9.27496 14 


_ 


Com, Arith-.C om, Cum] 


TANGENT | 
complement. *?. Hh w—_ of Sine, of f SineCom 


[C.7320331 zo $7393670: 2073339 


a 
37} 


271-©074043 


* [10:7264267] 22 


9.268064 7 
9.2687338(9 
9.26949019 
9.327 0068y 
OF 340 
113997 
9.2720631 
9.2727263 
9.27338$0 


5019.2740437 


9.992406; 


9-9 
2.992 3346 
9.992 310619 
9.9922 566 
9.9922626 
9.99223 85 
99922144 
J. 9921902 


9.2747083 
9.275 3669 
9.2760245 
0.2767811 
9-2773366 


9.9921660 
2.9921418 


9.2756534 


9.2717 345 
9.27 84242 


NORIE 419-2 2763 514110.7236486 
3585/9.2770434110.7229566|17/. 


a 7271258123 734225: -9074957, 
«7339491 0975224 
217332768; 0075461 
2 ©, 732695 51<075699 
191 7319353-2075937 
18|.7312662 .0076176 
7305981 00726415 
(0.7222657/16 «7299311- .Co76654 
10.721575815|, .7292652\.0076894 


l @, ,7257306|: 
[0,72503F6| 


I 0. 7243416|'9 


9.27911 zZC 
9.2798009 
9.2804878 
9.2811736 
9.28$1858$85 


1 ©, 5208869 147,7285003 -CO77134, 
10,72 or991[13þ,7279365) 0077374 
[0, 7195122,12) 7272737 0077615 
lO, 7188264|111,7266126\.2077856 
t10.7181415/T0|.7256513.0 .co78098, 


9.2825425 
9.2832251 


J. INSET 


9. 9920689 


9.277991 


" 


ol INE 


Complement 


9.992044519- 
2786445'9.992020119. 2566245 
2792970 9.99199569- I96g 
9-27 99484/9.9919711/9-2 2879775 
019.2 805g39(g. 9919466 9.235562 3)ro, 


9. 2839079 


9.99209 32/9.2845878 


9.2852677 
j.2$5 9466 


| Sine. |C 


TANGENT! 


i 


Complement. | 


10.7174577| 91.7252917.0078340 
1C,7167749| 8. 72463311007 8582 
t0.716093© $7239755| 0078825 
19.7154122 ,7233189,0079068 
[0.7147323 .7226634\0079311 
7220089. pad. 
7313555[0079799 
7207030. 0080044 
72005 16/.0080289, 
.7174013 .o0805 34, 


19.7140534 
10.7133755' 


i, OM. Actth, 
ot Sine Com. 
O08C5 34 


— 1 N 1ANG m,fAr:th- 

ſ x] Sine. — | Tang. ( —_ _—_ SIne, 
_ 0'9-22059>819,991 9466 9.28:6523\10,711 3477 $01,7194012 
1.9-2512403[9.991y220 9.232363 1c.7106737 9.71 8751719900786 

2 9.201 896>\g.g41 897.4 1:2899993116.7199007|58/.218103: .COD1 026 

3.9-2825441/g.g91 $727 9-292671 310.7093287j5 77174559 0081373 

4 9-2$319952.99184%0 9-291 342 4,10.703865 76156þ716809z|.0081520 

| 5 9-253835g 1991S! 22 9-2920126'10,7079874 «7161641 2081767 
0 9.2 544503[).991-9480 9-2 9265I7 10,707318315 4%71551ypþ0002014 

792851237]Þ).9917737,9-2933500 10.7066500 -7148763þ209226; 

$ 9-205756119.991 7489/92 942172 10,7059838)52|.7142339þ0082511 

9 9.2 >26407619.9917240(/9-2946336'10.7053164\5 1.713 5924þ0082 76c 

109.2470480 3.9916991,9-2953489|10,7046511]5% 7129520008 300g 
11 9.28 76075 9-9916741/9-29601 34|10.7039866|49.7123125 0083259 
12,9.2383 3260 9-9916492|9:2966769 10.703 3231/48/.7116830|,0083 ok 
1 3 9.-2839636 9-9916241/9:2973395 10.7026605/47.71 103640083759 
1 49-2896001[9.9915999/9-2950011|10,7019989/46,,7193999þ 0084019 
1 F19.2902357]9.9915739/9:2 986618 (0.7013 382/45 7097643 0024261 


W 


wA 
wa Q\ 


| 


tt: V2 þ 
— -=- 


WAH wb 


A 
g — 


I 


/ 


10/9. 2908704 9.9915488/9-299321610.,7006784/44,70g1 2 960084512 
1 79-291 5040j9.9915236 9+2999804'10.70001 96,43 70849500084 764 
1 $'9.2921367]9.9914984/9-3906383|10.699361 7|42|.707863 3|.9083016 
1 9/9-2927685 9-991473119+3912954|t0.6987046 41þ.70723 1t5,0085269 
20 9-293399319.9914478|9-3919514{10,6950486/40,7066007.99085522 
2119.2940291[9.9914225|9-3926066 10.6973934 3979597060085 775 
2219,2946580[9.991-3971|9-3932609110,6967391 38,2053420\.0086029 
2 3:9.29528591j9.,9911 31 719-39 39143 10.6960597/37|-7047141 .co8628 

2 419-2 95912 919.9913462|9-30 35667 10.9954333|3%7040871 .oo86538 
2 F19-2965390[9.991 3207 9.3053183 10.5947817135þ,7034610..0086793 
26(9.297 164119.9912952/9-3958689|10.6941311134,702$3 590087048 
2 71942977838 319.991 2696(9-3065187|10.6934813{33|þ.7022117.008730 

38'9.2984116|3.y912440(9- 3071675 10.6928325/33|.7015884.0087560 
2919-29903 3919.9912184 9.3078155|10.6921845|31|,7009661,0087816 
30 9.299655? «9911927 9.3084626|1 0.6915 374130.7003447.,008807 4 


SINE 02 TANGENT) "om _ © 
complement. | Sine. Home wy Tang. [-$ 


ry SINE | Fas TANGENT j|Com, Arith- | 
DINE. Commianat Tang. | Cunt rake mer, of S1ne of Sine 
30/9-29965 53]9.9911927 9.3084626|10.6915 374 10+7003447'. 
31/9-300275®g.9911670[9.309108510.690>512[29.699724t0088 33 
9.320595 312.9911412[9.3097541 10.69902459128.6991047\.00838588 
33/9-391514019.9911154[9.3103955[10.63g96015 27.6984860\.0088846 
34\9-302131719.991089619.3110421/10,688g957g 26.6978683.0089104 
519-393 7483<19.991063719.3116848,10.6883152[25.6972515008936;3 
36 9-393 364+49-9910378 9.312 3266119.6876734[24.69663 56\.008962 2 
3719-39397 9419-9910119 3.3129675110.6850325 23 .6469206,008g9881 
3 819-3945 93419-99098 59[9.3136076110.6863924122/\.695 4066.00g0141 
3919-305 206619.99095 y8/9.3142468[10.6857532Þ]? 1\.6947934.0090402 
4019-305 on $919.99093 3Þ[9.3148851110.685114g]0,694181 11.0090662 
41 9.3964303[9.990907719.3155226 10.6844774 19.6935697,0090923 
142 9.329704071(19.99y088151[9.3161592|1 0.6>38408 t8,.6929593).0091 185 
43 9.3976503(9.99085 5 319. 3167950|10.6332050 17.6923497,0091445 
4419-3932 55019.999329119.3174299]10.6525701 16/.6917410;0091709 
4519-308866319.9908029]9.31$06401to0.681936c}1 51,6811 332þ0091971 
4619-399473719-999776619.31 80972 10.681 3028[14|.6805263 009223 
4 9.3100798(9.9997 502[9.3193295[10-6806705]! 3].6899102þ,009249 
4819-31 0684919.99072 39]9-3199611110,680038g|12|.689315t1hoogz761 
4919-31 12892/9.9906974[9.3205918|10.6794082]! 1.6837108,00g303 
p0[9.3118$926/19.990671019.3212216 10.6787784|! 0|.6831074\.009329 
5119-312495119.999644519.3218506|t0,6781494] 9.6875049 
5219.31 3996819.990618019.3224788|[10,6775212 .6869032|,.0093820 
5319-31 3697619.990591 419.3231051[10.6758939] 7,6863024 
5419-3 14297519.9995648(9.32 37327[10.6762673] 6857025 
5519-314896519.990538219.3243 F54110.6756416] 31.685103 5hoogger 
5619-315494719.9905115[9-3249333|t0.6750168] 4|. 

5719-3160921 9.990.484819.3256073110,6743927]| 3 

5819. 3166885|9.99045 8c[9-3262305110.6737695] 2 
5919-3172 84149.9904312(9-3268529110.6731471] 1].6827159.009568 
6olo. 317878919.9904044[9.3274745[10.672 5255 .63212111009595 

—o:.. "| TANGENT Tax 


Complement. Tang. 78] | Y: 


Gg 


PP m— 


SHNE . 
Complement. Sine. 


p 
| 

4 

| 

ſ 

7 

[ 

L | 


——_ ee an to 


STNE | Tang, [ANGEN m, ArnhJCon, Arih, 
complement. | _____ ©" | Complenaent. et, of Sine,jof Sine Cot 
019.31 787 8919.999404419-3274745119 6725255 6821211009595 
$3184728[9.999 27 75[9-33380g53}10-6719047]59|-6815272|.0096225 
219.319265919.9903506 9.3287153|10.6712 84715 >|.630g 341þ009649 
319-3196581[1.9993237]9-3293 3451 9-6706655157].6803419þ0096763 
$.3202495 9-9902 967 9.32995 20[10.6700472 .6797505 -0097033 
9.3208400[2.9902697]9:3395 704110:669942615.679t600L0097 397 
3.321429719.9902426[9-3311872 (0.66881283]5 4\.6785703|.0097574 
0.32201 8619.9902155]9+3318031[10-6681969153\,6779814þ0097845 
9.3226066|3.990188 319-33241$3\10.6675817]524,577 39340098117 
9.323193t[9.990161 219-33 30327|10-066967 3]51|.6768062|.009 838 
[019,32 37 50? 9.990133 919-3336463 10.H6663537 .6762198|.0098661 
9.324365 719.9991 067|9-3342591]10.6657409149.6755343þ009dg3 
93249505 3.999079419-3348711 (0.66512 89/48] 675 04950099206 
9.3255344 9.990052119-335 482: (0.5645177,47|-6744556þ9099479 
9.3261174(9.9900247/9-3360927 (0.663907 3/46].673 8826þ0099753 
9.3266997]3.989997 3 9-3 367024[10.6632976|45|.6733003þ01000z; 
9-327281119.9899698/9-3373113[10-6626887/44|.67271 8gþ.910030: 
«3278617 989942 3/9+3379194 t0.6620806j43\.67213 83010057 
b.3184416|9.98001479-3385267 t10.6614743[42|.6715584.0r0085: 
9.3391333j10.6608667}41þ,6709794þ010112 
9.3397 391110.6602 609;40|.6704012}010140} 
9.3493 441[109.65965 59/3 9.66982 39010169 
9.3409484|t0.6590516 38|.6692473|-010195 
9.34155tg|10.6584481137|.668971 5.010223 
9.3421 546[10.6578454\36|.6680965|-0102F11 
4342 7566|10.6572434(35|-6575223 010278 
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9.3457 570110.6548436 6652335/ 010390) 
9. 345755211 0.0542 . 632\,01041 
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39 43424338 


9.3 376099 
9-3381762 
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g9+93895535 
9.989525 

9-9 394373 
9.9594692 
2.9894410 


9.9895815 . 


9+. 3403527 


$3475454 
9.3451407 
93437352 


9. 98941 28 
9.9893845 
9.9893 562 
99093279 
9.9892995 
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19.6530506,28.6635251þ012474 
10.652454 27, 66295 7J3Þþ010502 
10.6518593j26, -$623901p0105308 
19, 6512648 2 5',.66132 7420105590 


9.3493290 
9.3499220 
9.3505143 


10.65067102 4. 66125820195 7: 
to.6500780 23, Wrapai 4, pm... 
10.6494857 w3, 6601394 0106438 


9.351696 


9.351 IIs 'F 
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10.6483032[29.659003 70107005 


3415580 
34211909, 


9-3432386|9 
9. 343797219 
9+3443552 
9.344912 4 
9.3454638 
9.3460245 
19-34657949 
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wA 


119-347133 
9.3476870 
432397 
g. 248-917 
9-3493429 
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5819. 3509922 
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9. 3594432 
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9.9392711 
9.9892 427 
9.98921 42 
9.9891856 
9.9891571 


9 3534650 
9.3549530, 
9.3546402 


9.3522869[10.6477131[! 9.65 8442049107289 
9.352 $763 1c0.6471237 18]. 6578810 


-OIO7F73 
171.65 732080107858 
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t5l. 6562027:0108419 


g9.9891285 


9.989071 
9.959042 4 


9.988984 

9.983956 

9.93892 71 
9.938398z 
9.988869} 
9.9888403 
9.988811} 
9.98387822 
9.98875 31 
g9-93887239 


Complement. 
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9.989099 819.35 58126 


rollers 


9-3552267 


9:3563977 
9.3569321 


10.6447733| 14/6536448,0108716 
10.6441 874}! 3].6550876|þ0109002 
r0,643602 2|12].65 453 12þ910938 
[0.643017 11.65 39755210957 
(0,642 434? tol.65 34208) 


9. 3551457 
9.3537310 
9.3593126 
9.3598935 
9.36047 36 
9.3610531 
9.3616319 


t0,641dF1 3} 9.6528604þ011015F1 
10,64126g9 .65231390þ011044 
[0.64068 74] 71.6517603þ011072 
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9.3627874 
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lo 6366359150 


9.3 520349 
9.353181c 
943537264 
J.354271IO© 
9.3548150 


9-9886847 
3.9886655 
2.9886363 
9-9886070 
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9.363940! 
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9.3650901 
3.3656641 
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[0.6337626 


59 
F© 
57 
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3.3553582 
93559008 
9-356 4426 
3-3559836 


9.3580637 
9.3586027 
9.3591409 
9.3595785 
9.3602154 
9.360751519 


419.3650158 
9.3655458 
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9.3612870 
43618217 
93623558 
2.362889: 
9-3634219 


9.95854 32 


9.93884894 
9.988 4599 
9:9584303 
1.983 4008 
1.9883712 
9.9883415 
9.9883118 
9-9382821 


9.366d100 
3673819 
9.3679532 
9.3685238 
9.369092” 
3.369662 5 
9,3702315 
9.3707994 
9.3713667 
9.371932? 
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.6462736 
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[0.631 4762 
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l 0.629200 
[0.62863 33j46 
10.62 80667j45 
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44048 8 
6440993 


6424760 


6413973 
-64085g1 
64032315 
.6397846 


O112761 
0113053 
-0113 345 
«0113637 
+2113930 
0114224 
011451: 
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6439164 154091 


+6419363 
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—_ 


.011628 
.or116585 
011688: 
011717 


9832523) 
9.9882225 
9:9881927 
9.93381628 
3.988132 


93724992 
9.3730645 
9.3736291 
9.3741930 


10.627500 8144 
t0.6269355 


[0.6258070 


6392405 


416376442 


43þ6387130 
Hs 


10.6252437 


9.374756} 


2.9881029 


9.3639539 
9.364485 2 


:9880729 
9880429 
9.9880128 


9.987982 719+ 


49579525 


619.9879223 


9.987 8g21 
9.98786158 


9.9878315 
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9.3753190 
9-3758810 
9.3764423 
9.3779030 


9.378122) 


9.3797 969 


9.3803537 
RT 


9.37 $681 3} 
9-3792 394} 


10.6246810 
t0.6241190{38 
106335 $77Þ7 
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[0.6224365 
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30,9-3681853]9.9878315/9- p.3%03537)15 2,5196463|32« re 18$147,012168c 


3119-3687111/ 
329-3692 363 

3 39-3697608 
349- 3702847 
5 9-3708079 
360-3713394 
37 9-3718523 
389.3723735 
399-872 3940 
409.3734139 
41,9.373933! 
429. 3744517 
143943749596 
449 37 5456H9 

45 9-37 00034 
45 9.3765194 
47.9-3770347 
+3775493 
9,9.3730633 
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9.957801 219.3809106 80910Cc 
9.9877708/9.3814655 
9.9577404,9-3320205 
9.9877099/9-3825748 
9.98767949-3 383128; 
9. 93764889. 3.2836816 
9.937618} 119.384: 3 4© 
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9.98755709-3853370 
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10,6179795 
10.6174252 
10.6163715 
10.616; 3184 
lO. 6157660 
[0.6152142 
10.614663C 
10.6141124 


9.9874955,9-3564376 
9:-98746439-356936g 
9.93743 399-3575356 

9.98740319.38808z37 
9.9873722 9. 33886312 
9.93734139-3891781 
9.987 3103943897244 


9.9872793 
9.9872482 
9.9872171 


9.3790894 
9.3 796015 
9.33801129 
5419-3 $062 37 
9.3811339 


59]19-3816434 


579.3921523 
5819.3822605 
5919.383168$2 
9-33836752 
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9.3992 700 
9.3g90B8r51 
9.3913595 
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t2.6130141 
10.56124644 
10,6119163 
10.6113687 
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24.5307637.0122292 
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266297153 -0122901 
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9.9871236 
9.987092 

9,9870611 
9,.9870298 


9.3919934 


9.98715499-3924466 


9.39293g3 
9.3935513 
9.3940727 
9.3946136 


9.986998419.3951536 


9.9869670 
9.9869356 
9.986g041 
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9.3967711 
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t0.60982966] 9 
(0.6075534 
10,6070107 
10.60644 37 
10.6059272 
10.6053864 
10.6047 462 
10,6043065 
([0.6037674 
10,6032289 


4: [52 34806. 01265837 
t3]-6229653.0126897 
12\.6224507.0127207 
t1þ,.6219367 0127518 
1062142 33.01278329 


1 9þ62 60669.0125045| 
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6203985.0128451 
71.6198871' 01 2 8764 
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9. 3836752 

119-384181 59 
938468373 
9.3851924 
9.3856969 


2.9568726 
9.9868410 
9.986 3094 
9.9867778 


9.3852008 


1.9867461 


9.9869041 
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943978463 
'9.3983530 
3.3989191 
9.32 994547 


9. 386704<[9.98671 44; 
0.3872067[9.9366d2 7$« 4205240 
1.38>7087[9.9866509/9.4910578 
9. 358210119. 9866191 
9.388710919.9864872 


9.3892111 


9.38971o06[9.986F523}3 
9.3902096|9.986491 3 
9.399707919.986459; 
9+391205 719.986427 3| 


29865553 


9.492718: 


9.3999896 


9.4@15910 
9.4021237/t: 
9-40265FS 
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9.391792 $ſo.9863952 
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9-40.42486 
9.4947734 
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9.495 8363 
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9.4100454 
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10.6026911 
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(0,5994760)5 
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5616143031 
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[0.59681 27 
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6078007 
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013637 
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41 
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9.3990878 9 9359089 
9.3995754 9-985 8762 
9s «400062 519. 9853434 
9.4005489\9.9858106 
9.4210343/9.9857777 


9.4015201[9.9557449 


9.4920048 
3.49248 39 
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9.4034554 
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jo 


9-493937% 
9.40441 96 
9.404900g9 
9.4953516 
9-4958617 
9.4063413 
9.4068203 
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9-4987306 
9.4093068 
9-4096824 
9-4102575 
9-4106320 


| 


9.93857I19 
9.9856790 
9.98 5646019 
9.9856129 


9.3935996 9. 98594169. 4126581 
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9.-413170g 
9.413699; 
9.4142191 
9-4147393? 
BEEL7 $29 
9.4157752 
'9. —_ 
9.41 68099 

4173205 
9.4178425 


9.985579» 
9.985 5467 
g9.9855135 
9.99854803 
9.935 4471 
9.9854138 
9.98 53805 
9.95353471 
9.9853138 
9.9852 803 
9. g352468 
9.9852133 
9.9851798 
9.9g 51462 
9.9BFg1125 


9.418358c 
9.4188725 
9-41939574 
941999013 
9,4204146 
9,4209275 
9.4214398 
9.421951 
9.4224628 
9-432973) 
9.4234838 
9 423993) 
9. 4245026 
9.425OII} 
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to, 5863211 
l0.5863007 
I 0, 5857809 
t0.5852617 
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2 6]. 
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.6004246-214133 
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965 44660143871 
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1C.5806126 
l0.5 $0098 7 
10.5795354 
10.5790725 
10,5785602 
10.5780485 
10.5775372 
10.57 70265 
10,5795 162 
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[0.5 754974 
19.5749887 
(0.57 44806| 


9.98507 59 
941157939. «9850452 
9-4120522 9.985011 
9.412 5245 9.9849776/9- 427546 
9.4129962'g. E—_ 9.42 $0525 


9.4260271 
IN 
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10.5739729 
10.5734658 
10,5729592 
10.57245 32 
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16 
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«F955804'2144533 
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9.9849435 


9-4134674 
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9.41 44082 
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9-4153468 
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9.9848760 
9.-93948420 
9.9848081 
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9.4280525.10, 0.5 719475 


9.4162832 
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9.4172174 
10'9.41 768357 
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9.41 5152 


9.9846375 


9.4325799 


9.9846033[9.4330804; 


9-42 85575/10.571442 5|5 
9.4290621|10-5709579 
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9.4 300597 10.5699303 
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EST 


8 


F7 
F6 
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249-4241 F63 
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9-98456g0 
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9-9845004 
9.9844660 
9.9844316 
9843971 


9-421 39509-9843281 


9:-9842935 
9.9842589 


9.43 35805 
9-4 349800 
9+4345791 
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9-4360773 
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9.4370670 
9:4375631 
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19.5664195 


0.563926 


10.5634296 
10,56293 39 


10.5619413 


10,5659200 
10,5654299 
10.5649224 
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O151919 
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F841 548 
+5537168 
5 $32494 
5827826 
J$23163 
.F8$1 3505 
5813852 
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abr $2941 
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0154996 
0155340 
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9.98418g5 
9.98415 48 
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9.984085 2 


9-4385538 
9.4390485 
9.4395426 
9-4400363 
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9:4345694[9-9$8330992 9-4512602[10.,487398 13, 5654306,0166g 
3.43501 6119.98327359-4517427}10.5482573 T2\.56498: 9. oO 


Com, Arith 
met, of Sine, 
5731012|-21608g5 

5726359 0161245 
F721911}.0161596 
571736g.0161948 
5712>31|-v162296 
5F705295|-0162652 
$793772þ 
«JOg 92 FO 
5094733 


x;| Sine, 

30,9.426898x 
3119-42 1354! 
32/9-42 78089] 
3319-42 5263) 
349-428-164 [9 
3519- 42 91 JC! ue 
3. 4296228 
3719-43 Q5 'TFC 3.0 + 
389430536719. 
39 -4309779R9.9835936 


Com, Aruh, 
} f Sine Com, 


-016300cg 

2163357 
.016371C 
0164064 


0164415 


41 
42 
43 
44 
45 
46 
47 
48 


9.435462; 
9.435958: 


49 
JO 


1-983237;(9-4522240 


1.9832019 


9.452706! 


9:4363532 
9.436798c 
9.437242 2 


FI 
52 
53 
f4 
Þ] 


94331292 
$619.435719 
57/9 4390142 
5S19.43945 60 
5 919+ +4393 277 
6019.449 3381 
SINE 


29531661 
2.9831 302 
9.930942 


9437655 9}9.9830583; 


9.9830227 


2.45 31572 
9.4536678 


9.4541475 


9.4546276 
9.45Flo6yg 


1.9382 9862 
9.9829501 
).982914c 
9.982 8778 
).982$416 


| Corplement, 


Sine. 


9 4555557 


9:456542C 
2 4570194 
9 4574964 


29-544 3931 


105429806] 


l ©, $$47775401). 
10.5472929110 
l0.5468128, 95 
l0.5453322! © 
(0.545521, 
[0.5453724 6 
= 
05444143! 4 
10:5 439359 3 
[0.54345 80; 2 


M.A 


[0.942 5026 


-|.5627578\.9169058 


TANGENT 


| 


Comp'ement. 


Tang. þ4 


re a 


$64537 7.016763 : 
$640920. 0167981 
563 646 »01633,c 
$632020).0168698 


$623141|.0169417 
.$61%7c8\.01 69777 
Lee tne. 
5 60935 8.0170495 
2þ5605440; 0170860 
[5601027\0171223 
55 96619%c1-1580 


Pn_ 7 


dl. 


_—_ 
RB 


9:-449335) 
9-4407754 
9-4412182 
9.4416576 
19.4420955 
c19-44253409 


= 


—> 


Sine. [i 
3.9 52 841 619-457 4964 
9.932805 4/9-45797 30 
9.932 769119-45384491 


| 


| 69-442 972d 
719-4434193 
. $4 X 
819-443 472 
919-4442 837 
10,9-4447197 
11,9+-4451553 
1219-443 5994 
1 319-4460250 
1 49-4464591 
1 5/9-4468927 


— — — 


oINE 


O!MPLCN: 


"It 
— 


9.9$27328 
19826964 


| Tang. 


1.9826500|9-45 95749 


9-9 524400 
9-932 4041 
9-982 3674 
3.9823306 
9.9822938 


1619-447 3359 
1 7/9-4477556 
l 8.9-4481909 
1994486227 
20'9-4490540 
21,9-4494349 
22 9.4 499153 
239-450 3452 


9.9822569 
9.9 822201 
9.9821831 
9.9 821462 
9.982109! 
9.9820721 
9.9820351 
9.9319979 
9.981 9608 


24/9-4507 747 
2 $954312037 


9.9819236 


9.93262 3 619-4593492 
).93258371:9-4608232 
9.952550619440 1 2967 
9.9325140;9-4617697 
3.982477419-4622423 


[9-46 31 3863 


TANGENT 


Complement, 


9.4589248 
9.45 94001 


10.54: FOJG 
10.5 42027C 
105415599 
IO0,9 410752 
10.5495999 
I0.54O0T251 
10.3396508 
10.4391 76t 
10.5387033 
19.538230}3 
10.5 377577 


9.4627145 


9.4636576 
9.4641285 
9:4645990 


10.5 372855 
10.5 368137 
10.53634* 4 
10.5 3587's 
[0.525401" 


om, Arith. 
met. of Sane, 
60}.5596619 


— 


Com, Arith | 
01 Sine Cor 


591.55 92316 
58.5 587818 
17 
F6 
5 515574691 


5 583424þ 
«55 790 ZJFþ 


.21 73400 


345570272 
531-5565897 
F2]Þ,5561520 
51].5557163 
5.555250} 
49.5543 447 
48].55 44096 
471-5S53975C© 
46].535354929 
4<].553107? 


2177062 


g9 4650690 
9.4655 386 
9.4660078 
9.4664755 
9.4669448 
9-4974127 
9.4678802 
9.468d13g 
9.4692801 


[0.5 34461 


r[O.5JZ3ZOFF!2 
10.5325873 
10-5321198 
10.5316527 
10.5311861 
10.5307199 


| 


complement. 


26 9.451632219.9518063 
27 9-4520603|9.9818490 
28 9-4524879|9.9818117 
2919-452915 119.9517 744 
i $19.981727C 


Sine. 


9.4697459 
9.470211? 
9.4706762 


9.4711407 


T0.5302541 
10.5297888 
I10.5293238 
10.528859}3 


9.4716048 
TANGENT 


complement. 


10.5349310914: 


10.5339922(4* 
[0.53352 35]! 


SI 


5526741 
«+F 522414 
551509! 
$5313773 


43 


0 


+5509460\,0178g908 


0173764 
0174129 
2174494 
0174 860! 
,0175226 
OI753592 
0175959 
01763236 
0176604] 


0177431 
#0177799 
217816 

.or78538 


| ——— 


39].55O5LI5n 
81.5500847 
5496545 
$492252 
.5 437966 


37 
36 
35 


0179279 
0179649 
.018002 1, 


O01 80391 


0180764 


34 
32 
33 
Il 


bod cas 


10.428395* 


| Tang. 173 


"i. 


25453678 
5479397} 


5470849 
546658201 82630| 


07 d1137 
2181510 
o181883 


[0182256 


| 


i; 


3 


41 
42 
43 
44 
45 


e\9.450 4638519 
— 
_ 


br 


| Jliiv. 


92.45 ? on % 


} | 


9 43) 


4'9+-4355 $41 
92 
+? 101 


$12. 4567 


019-45 7 5540 


4 


's y >16995, 


z2}1-4+54193 9.2 3516620 
3319-454" "19. 


9-9816245 
9.9915870 


g-yoOllly7 
J).)0 14740 


a 21).951 4363 
919-4571618 


40 


9.981 39d6 
9.981 3608 


". «| Tang. | 
117770® 9.47165 TU 5253952]? 


9915494! 
\)-4743%0812.525519. 
3.474842r\t5.5251 5700: 


TANGENT 


Compicment, 


1] ers 


9.472 20685|1 0, $27 9375} 
9.47253ZINY1095 — 
9.4729947 10.52 700 

94734571 10.5265 428 
9.479192 19.5265 x 


9.473 3029 
2.4757633 
9.47622JJ 


10.5246971 
19,5242 36742 
IO. F235 $43 


4119.4580058 
9.45 54271 
9.458848c 
9-45 92684 
=; 
9.4601079 


47 
- 
50 
F1 
F2 
F3 
54 
FF 
56 
F7 
F 


9 


[op 


9.4605170 
9.4609.455 

4613638 
9.4617516 


9.981 3229 
9.991285c 
9.9810471 
3.9812091 


—_ _— 


9.4766829 
9.477142 1 
9. 47 76m09g 


t0.52285 791! 
10.5223991 
10.52194098 


9.47 30592 
)4785172ſto.5214828 


2.9811711 
9-9S1-1331 
4.9819950 
9.9$10569 
9.9810187 
9.9809895 


9-47 $974810.5210251 
9-4794319[110-5205431 
9.4798887|r0.5201113 
9-480 345i[10.5196549 
9.4808011 10,51919839 


9.462 1989 
9.45626158 
9.46 39323 
0.463449; 
9.4538629 
9.4642790 
9.4646938 
9.4651081 
9.46 55219 
659353 
SINE 

Complement. 


9:930942 3, 
9.980504c 
9.9808657 
9.980827; 
I, «9 10785 07 039 


- -— — 


9 9807505 
9-980712c 
9.930673 «+ 
9:9%06349 


9.9805 96: 
| Sine. 


9.4812 566|[r0.5187434 
9.4 317119]r0,5182 $82 
9.4821666r0.51783 34 
9.4326210{10,517379gO 
9-433075oj10.516g9250 


10.5233171f* 


om, Arith- | 


mer, of Sine. f $4 eCom. 
* F466582 2152630 


Com. Arith.! 


"Mp 5462319) 2183Cor 
545 $061. 21 33 


.coeatot 


$26 (9449559 


TH 443 


3 8c 
21 337 8) 

018413: 

4-0184506 


*4, 5441c 
3.543683 


549 16000000 
54283 $2 
zo], 5 42 4160 


I 
| 
50134883 
al 7185360 


0186014 
o186393 


| 


18], 


5.540311 


5 4199421.91 86771 
$413739+ 
(71-5411520 
(61.5407316 


or87150 
0187526 
(9137909 


6.01 88289 


1 4{.5 39592 
(31.5 39473 
t2].539054 
Ul.g358632 
lof.538215 


1.0182 669 


.O01 59050 
ol 39431 
6.018981} 


.0190195 


9.537801 
& 
5 36967 
+F36551; 


0.4835286|10.5164714 
9.4839818]r0,5160182 
9.4344346|10.515565 4 
3.49 4>8poſto.gi5r1 30 
9. 485 3390|1c.q146510 


- Compleme nt. 


| TANGENT] Tang. 


+F35721 
534891 


+F373942|.0190960 


[ +F26136V, 0192111] 
.F353062.0192 $80 


5$344781}0193651 
.5340647:0194037 


1.0190577 


0191343 
70191727 


oLo192495 
9.0197265 


ad. AE AE 


 ——_—_— 


'Y 
[ 2] 
3 
i 4]? 


16 
7 
18 


ty 
2 


Zl 


WC 0 Jy Q 1 Þ ts "—_— 


[C 
| 


4, 


eo 9—* 7 
[7] Itne. 


SINE | Tang. 


| complement, | 


9.466348; 
9.456 760g, 
9-4571730; 
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ſ295452\-0198310, 
$29136g/.0198701 
F2 37290,039g091 
52 283215,0199484 
13279144721 99876, 
+5275078,0200268 
F271015|.0200661 
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Bros Printed and eld by 2cnjamin Hurlock,over 4gais/Þ fe. Magnus 
Chu:ch iz Thames-dt ect, year London-Bridge, 

T 0010 s Fpiton;y, applycd ro plain and Aer cator”? failing. Safeguard 

of Sailers, or Great Rater, by Ro, Norman, Teamans Secrits. Paih way 

10 perfect Saibng , by Rich. Folier, Pj his Dodrine of Triangles, 

with Cancun, Navigator, by Cap. Chiles Saltorftal, new! j printed with addi- 

tons , ſhewivg the ceccits of no? ary Charts u'ed in our time, and a way to 

prove the proj. ion of any plain Clare, Dayy $ &eſcription ard ue of the Vu1- 

ve. ſal Quadrant, Sea-mans Dittiogary, or the Expotition and D:inon{tration of 

ali the parts and things belonging to a Ship, by Su Hew, Manwaring, Sea-man 

Companion , teachirg Arithtnenick, Geometry, Trigonumeztry, Navigation and 
Atltronomy, by 44. Xorwood, Latcly printed, 

Exa& Tables of Natural or Artificial Sincs, Targents, Secants, and Loya- 
rithms, with an Inflitution Mathemanical. 

Sea-mans Glaſs, now newly publiſhed, with the addi 10n of many Propofiti- 
ons in Xatigation, Aſtronumy, and Dyalling , not betore printed, 

The Complete Canoneer , ſhewing the Pa and gruunds of the art of 
Gunnery, as all» ſexcral Fire-works for Sea and Land. 

The advancement of the art of Navigation, or Sea-mans Canon of Triangles, 
ſhewing by a new Canon of Sinces Tangents,and Secants,how toreſolye all Caſcs 
of right. incd Triangles, only by louking into the Tables applyed to Sailing, by 
the plain Chart, Alcrcator's Chart, by 2 Great Circle ,and to the art of Surveying, 

271gonomeatria Britanica, or the DoArine of Triangles in folio, exiþiting the 
Loegarithms of al] Numbers, from one to a hundred thouſand, and the Sines and 
1angents to the hundred part of a degree, with Mr, Gelibrand's Dotrine of 
Triavgles, faithfully tranſlated out of the Latine Copy, 

The Sefor 0n a Quadrant, ar the Deſcription and uſe ofthree Quadrants, and 
Az:muth univcrſally in the equal Limb, 

The Complete Modelift, ſhewing how to raiſe the Mode! of any Ship or Veſſel, 
either in proportion or out of proportion, and to find the length and bigneſs of 
very Rope in a!l Veſſels exaftly, with the weight of their Ankors and Cables, 

The F:lots Sea- Mirrour » which 1s a Compendium of the larg2it Waggoner. 

The Complete Ship-Wright, teaching the prop. i015 u'td by experienced Ship- 
wrigbes, according to thelr cuſton of Building, with tne drawing ot a Draught, 
the making and marking of a Bend of Moulds, &:. both by Arghmctick and 
Geometry , by Edm. Buſhne', 

The Saints Ankor-bold in all Storms aud Tempeſis, by Fob Davenport. 

The Mariners Compaſs Redifyed, a Book furnithed with Tables of huur and 
Aumuth, uſcful in Navigation, calculated from © dep. to 60 deg. of Lititude 
with the uſe all [nftruments in Navigation, by Audrey Wakeley. , 

The Mariners Magazine in foho, containing the Deſcription of the Scale of 
Scales, with the art of Navigation, Surveying, Gauging, Gunnzry, Aftrunomy, 
Dyalling, Fortification. By Cap, Sam. Sturmy, 

Mathematical Manual in eftavo, by Mr. Philips, Of Navigation, Gunnay, 
Dyaliing, Surveying, Gauging : with a Table of Logarithms to 10030, 

The Geometrical! Sea-man,ſhewing the 3 kinds ot Sailing by the true Sea Charr, 
Mercators Chart, by a greatCurcle,with 2 TraverſcTables,added by H. Phillips, 

The Bout-ſwatns Are,(hewing the Malting & Rigging of any Ship. By UH, Bond, 


